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$-!#'!L,#*!4#!D0,!suffit à me mettre du baume au cœur. 6$!#2L,2!Q!T2$0,2#:!70DD#2$!
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4/-3#$ 5"1,"%3)#$ "3$ =/+'13#>$ #"$ #-3'"%3$ ,/-%3"%/%3$ ?$ l’)*;"44"$ ,+%2-/4"@$ A%$ France, l’industrie 
4/-3-91"$1"01)#"%3"$4"$2"'(-9,"$04'#$<1+#$*;-551"$d’affaires de l’-%2'#31-"$/<1+/4-,"%3/-1"@$B"4'-C*-$
"#3$2D$?$'%$,/1*;)$%/3-+%/4$-,0+13/%3$/E"*$'%"$*+%#+,,/3-+%$2"$51+,/<"#$"3$2"$4/-3#$5"1,"%3)#$
0/1,-$4"#$04'#$5+13"#$/'$,+%2"$6!"$FG$H<I;/7-3/%3I/%>8$,/-#$)</4","%3$?$'%"$/*3-E-3)$"(0+13/31-*"$
"%$ 5+13"$ "(0/%#-+%$ 6BJKA!8$ LMNN>@$ !"#$ 01+2'-3#$ 4/-3-"1#$ 5"1,"%3)#8$ .'-$ "(-#3"%3$ 2"0'-#$ 2"#$
,-44)%/-1"#8$#+%3$2"$04'#$"%$04'#$*+%#+,,)#$?$31/E"1#$4"$,+%2"8$=$*+,01-#$2/%#$2"#$0/=#$*+,,"$
la Chine où ils n’étaient pas présents$31/2-3-+%%"44","%38$"3$+O$-4#$#+%3$,/-%3"%/%3$/001)*-)#$3/%3$
2'$0+-%3$2"$E'"$<'#3/3-5$.'"$0+'1$4"'1#$"55"3#$0+#-3-5#$#'1$4/$#/%3)@$
B"0"%2/%38$ 4/$ #"%#-7-4-3)$ 2"#$ 01+2'-3#$ 4/-3-"1#$ 5"1,"%3)#$ /'($ *+%3/,-%/3-+%#$ 5+%<-.'"#$ 0"'3$
limiter leur durée de vie, et par conséquent leur capacité d’exportation.$!"#$/43)1/3-+%#$5+%<-.'"#8$
qui peuvent survenir à toutes les étapes de la fabrication jusqu’à la consommation,$ #+%3$
1"#0+%#/74"#$d’importantes pertes économiques pour les "%31"01-#"#$2'$#"*3"'1$4/-3-"1$$6P/=+1/4$#$%
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T/%#$ *"$ *+%3"(3"8$ %+31"$ -%3)1c3$ s’est porté sur 4/$ 1"*;"1*;"$ 2"$ 7/*3)1-"#$ 4/*3-.'"#$ 0+'E/%3$ c31"$
'3-4-#)"#$*+,,"$*'43'1"#$01+3"*31-*"#$2/%#$2"#$01+2'-3#$ 4/-3-"1#$ 5"1,"%3)#@$B"#$01+2'-3#8$ *+%%'#$
depuis l’/%3-.'-3)8$ #+%3$ 1"*+%%'#$ 0+'1$ 4"'1#$ .'/4-3)#$ #/%-3/-1"$ "3$ +1</%+4"03-.'"@$ d-%#-$ 4"#$
7/*3)1-"#$ 4/*3-.'"#$ *+%31-7'"%3$ ?$ 4/$ #/E"'1$ 2"$ *"#$ /4-,"%3#$ "3$ /##'1"%3$ '%"$ *"13/-%"$ #3/7-4-3)$
microbiologique par la production d’acide lactique et d’/'31"#$ /%3-,-*1+7-"%#$ 6Y3-4"#8$ NVVW$X$
B/04-*"$/%2$e-3_<"1/428$NVVV>@$T"0'-#$.'"4.'"#$/%%)"#8$4"$0+3"%3-"4$/%3-5+%<-.'"$2"$%+,71"'#"#$
#+'*;"#$ 2"$ 7/*3)1-"#$ 4/*3-.'"#$ /$ )3)$ ,-#$ "%$ )E-2"%*"$ et révèle toute l’étendue de la capacité 
d’inhibition de ces bactéries$6Y*;%f1"1$/%2$P/<%'##+%8$LMMG>@$$
Dans ce contexte, l’objectif général du projet était d’obtenir une culture simple ou mixte de 
7/*3)1-"#$ 4/*3-.'"#$ 0+'E/%3$ c31"$ '3-4-#)"$ 0+'1$ 4/$ 7-+C*+%#"1E/3-+%$ 2"$ 01+2'-3#$ 4/-3-"1#$ 5"1,"%3)#$
*+,,"$ 4"#$ =/+'13#$ "3$ 4"#$ 4/-3#$ 5"1,"%3)#@$ T"$ 5/g+%$ 04'#$ 5+%2/,"%3/4"8$ 4"#$ +7&"*3-5#$ )3/-"%3$ 6->$
d’évaluer la biodiversité des bactéries lactiques antifongiques et celle des champignons dans des 
)*;/%3-44+%#$2"$ 4/-3$ *1'$X$ 6-->$2"$ 1"*;"1*;"1$ 4’existence éventuelle d’un lien entre l’expression de 
l’activité antifongique des bactéries lactiques et la présence de champignons dans un même 
)*;/%3-44+%$0'-#$6---) d’évaluer l’activité antifongique de souches isolées du lait$2/%#$'%"$,/31-*"$
4/-3-91"$"3$2"$déterminer l’effet modulateur de la variation de paramètres technologiques sur cette 
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B#! "22)8+,-3!###############################################################################################################!E=!
/J! 51,2%&!?,)A;2%&!################################################################################################!EB!
?J! 58,*%!GN./8-,9+%!################################################################################################!EB!
8J! M3&,&-/28%&!/+@!/2-,?,)-,9+%&!##############################################################################!EE!
O#! P/)+(-!%-!./,-&!0%(1%2-3&!##########################################################################################!ED!
""#! 5.-3(/-,)2!0)2A,9+%!*%&!Q/)+(-&R!*%&!./,-&!0%(1%2-3&!%-!*%&!0()1/A%&!0(/,&!##########################!S<!
5#! C,8())(A/2,&1%&!,1'.,9+3&!#####################################################################################!S<!
:#! O2T%+@!38)2)1,9+%&!%-!&/2,-/,(%&!#############################################################################!SS!
"""#! C)Q%2&!*%!'(37%2-,)2!*%&!8)2-/1,2/-,)2&!0)2A,9+%&!#######################################################!SK!
5#! Bonnes pratiques d’hygiène!######################################################################################!SK!
:#! U(/,-%1%2-&!'IQ&,9+%&!#############################################################################################!SL!
>#! >)2&%(7/-%+(&!8I,1,9+%&!#########################################################################################!SF!
G#! >)28%'-!*%!-%8I2).)A,%!*%&!?/((,;(%&!########################################################################!D<!
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!O#! :,)N8)2&%(7/-,)2!*%&!Q/)+(-&!%-!*%&!./,-&!0%(1%2-3&!####################################################!D<!
<#! 52-,0)2A,9+%&!2/-+(%..%1%2-!'(3&%2-&!*/2&!.%&!'()*+,-&!./,-,%(&!#################################!DE!
B#! >+.-+(%&!'()-%8-(,8%&!###############################################################################################!DD!
/J! $%7+(%&!##############################################################################################################!DK!
?J! :/8-3(,%&!############################################################################################################!DK!
E#! Réglementation concernant l’utilisation de cultures protectrices pour l’alimentation 
I+1/,2%!########################################################################################################################!L=!
"V#! M%8I%(8I%!*%!&)+8I%&!./8-,9+%&!/2-,0)2A,9+%&!#################################################################!LE!
5#! M%8I%(8I%!*%!&)+8I%&!/2-,0)2A,9+%&!W!>(,?./A%!X!"#$!%&'J!############################################!LS!
:#! Evaluation de l’activité !"#(!%)!###################################################################################!LD!
!
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!!" #$%&'()*+,-%&./,-,$(%&0$(1$2-3%&
4" 5,%-),($&$-&36).+-,)2&*$%&'()73*3%&*$&0$(1$2-/-,)2&./7-,8+$&
$/! 0%(1%2-/-,)2! %&-! +2%! -%8I2,9+%! -(;&! /28,%22%R!9+,! %2! '.+&! *%! '%(1%--(%! ./! 8)2&%(7/-,)2!*%&!
/.,1%2-&R! /13.,)(%! .%+(&! '()'(,3-3&! )(A/2).%'-,9+%&! %-! 2+-(,-,)22%..%&#! $%&! ?/8-3(,%&! ./8-,9+%&R!
1,&%&! %2! T%+! .)(&!*%&! fermentations lactiques, acidifient les aliments par la production d’acides 
organiques. Cette production d’acides, et plus particulièrement d’acide lac-,9+%R!%&-!/88)1'/A23%!
de la production d’autres composés antimicrobiens Xdioxyde de carbone, peroxyde d’hydrogène, 
?/8-3(,)8,2%&R!%-8#J!9+,R!/7%8!l’3'+,&%1%2-!*%&!2+-(,1%2-&!,2,-,/.%1%2-!*,&')2,?.%&R!7)2-!.,1,-%(!.%!
*37%.)''%1%2-! *%&! 1,8())(A/2,&1%&! '/-I)gènes ou d’altération! %-! /13.,)(%(! /,2&,! ./! 9+/.,-3!
&/2,-/,(%! *%&! /.,1%2-&! 0%(1%2-3&! XY-,.%&R! <FFK!Z! >/'.,8%! /2*! [,-\A%(/.*R! <FFF!Z! G()+/+.-! /2*!
>)(-I,%(R! B==<J#! $%&! ?/8-3(,%&! ./8-,9+%&! T)+%2-! 3A/.%1%2-! +2! (].%! 0/7)(/?.%! &+(! ./! 9+/.,-3!
)(A/2).%'-,9+%!*%&!/.,1%2-&!%2!/13.,)(/2-!.%+(!&/7%+(!%-!.%+(!-%@-+(%!$!*R!%2-(%!/+-(%&R!./!&Q2-I;&%!
*%!8)1')&3&!/()1/-,9+%&!%-!*%!').Q&/88I/(,*%&! XG()+/+.-! /2*!>)(-I,%(R!B==<!Z!U/,..,%\R!B==<J#!
H/(/..;.%1%2-R!8%(-/,2%&!?/8-3(,%&!./8-,9+%&!/13.,)(%2-!./!9+/.,-3!2+-(,-,)22%..%!*%&!/.,1%2-&!'/(!./!
?,)&Q2-I;&%!*%!7,-/1,2%&!X0)./-%!%-!(,?)0./7,2%!'/(!%@%1'.%J!et l’hydrolyse de divers substratsR!8%!
9+,!'%+-!/13.,)(%(!.%+(!*,A%&-,?,.,-3!X'()-3,2%&R!&-/8IQ)&%R!(/00,2)&%R!7%(?/&8)&%R!./8-)&%R!%-8#JR!)+!
(3*+,(%! .%+(! /..%(A32,8,-3! XβN./8-)A.)?+.,2%JR! .%+(! -)@,8,-3! XA.Q8)&,*%&! 8Q/2)A32,9+%&J! )+! ?,%2!
%28)(%! .%+(&! '()'(,3-3&! /2-,N2+-(,-,)22%..%&! X').Q'I32).&R! /8,*%! 'IQ-,9+%! %-! -/22,2&J! X6).\/'0%.R!
B==B!Z!6+A%2I).-\! +%# *,-R! B==B!Z!M)&&! +%# *,-R! B==B!Z!^)+-%(&! +%# *,-R! B==B!Z! $%()Q! /2*!G%!V+Q&-R!
B==S!Z!6%+?%(A%(R!B==D!Z!H%&8+1/!+%#*,-R!B==F!J#!!
H/(-)+-!*/2&!.%!1)2*%R!il existe une grande diversité d’/.,1%2-&!0%(1%2-3&!*)2-!.%&!'()8%&&+&!*%!
0/?(,8/-,)2! )2-! 37).+3! /+! 8)+(&! *+! -%1'&#! ".&! '%+7%2-! _-(%!d’origine végétale, à base de fruits 
X).,7%&R!7,2JR!*%!.3A+1%&!X8I)+8()+-%J!%-!*%!céréales (pain, bière) ou d’origine animale comme les 
&/./,&)2&!X&/+8,&&)2&J!%-!.%&!'()*+,-&!./,-,%(&#!!
!
$%&!/.,1%2-&!%-! .%&!?),&&)2&! ./8-)0%(1%2-3&!'%+7%2-!_-(%!'()*+,-&!`!'/(-,(!*%! ./,-&!*%!7/8I%&R!*%!
8I;7(%&R! *%! 8I/1%..%&R! *%! Q/8aR! *%! T+1%2-&! Xa)+1,&JR! *%! ?+00.)22%&! X1)\\/(%../JR! )+! *b/+-(%&!
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!1/11,0;(%&#!$/!-(;&!A(/2*%!*,7%(&,-3!*b/&'%8-&R!*%!-%@-+(%&!%-!*%!&/7%+(&!*%!8%&!/.,1%2-&!%&-!.,3%!
d’une part!/+@!1,8())(A/2,&1%&!,1'.,9+3&R!1/,&!/+&&,!/+@!'()8%&&+&!*%!0/?(,8/-,)2!+-,.,&3&#!!
$%&! '(%1,;(%&! '(%+7%&! *%! 0%(1%2-/-,)2! *+! ./,-R! ,1'.,9+/2-! 0)(-! '()?/?.%1%2-! *%&! ?/8-3(,%&!
./8-,9+%&R!(%1)2-%2-!`!K===!/2&!/7/2-!c#N>#!O..%&!8)2&,&-%2-!%2!./!*38)+7%(-%R!'(,28,'/.%1%2-!%2!
OAQ'-%R! %2!C3&)')-/1,%! %-! */2&! .%! ?/&&,2!13*,-%((/23%2R! d’ustensiles et de contenants ayant 
&%(7,! `! ./! 0/?(,8/-,)2! *%! '()*+,-&! ./,-,%(&! 0%(1%2-3&#! G%! 2)1?(%+@! *)8+1%2-&! %-! 1)2+1%2-&!
I,&-)(,9+%&! 0)2-! (303(%28%!`! ./!'()*+8-,)2!*%! 0()1/A%R! *%!Q/)+(-! %-!*%!?%+((%#!>%&!'()83*3&!*%!
0/?(,8/-,)2!&%(/,%2-!/''/(+&!/7%8!le début de l’élevage des ruminants (moutons, chèvres et vaches) 
%-!de l’agricultureR!23&!/+!C)Q%2Nd(,%2-!X>I/1?/R!B==FJ#!G%&!'(%+7%&!*%!0/?(,8/-,)2!*%!0()1/A%&!
*/-/2-!*%!K===!/2&!/7/2-!c#N>#!)2-!3-3!(%-()+73%&!%2!OAQ'-%!X:%(2/(*%/+!+%#*,-R!B==KJ#!G%&!&-;.%&R!
*%&!I,3()A.Q'I%&!%-!*%&!A(/7+(%&!*/-/2-!*%!./!'3(,)*%!'-).31/e9+%!XEBENE=!/7#!c#N>#J!/--%&-%2-!*%!
./! 0/?(,8/-,)2! *%! '()*+,-&! ./,-,%(&! 0%(1%2-3&#! $%&! OAQ'-,%2&! 3.%7/,%2-! /.)(&! *%&! 8I;7(%&! %-! *%&!
1)+-)2&R!%-!*3T`R!.%!./,-!2)2!*%&-,23!`!./!8)2&)11/-,)2!,113*,/-%R!3-/,-!0%(1%2-3!%2!+2!'()*+,-!
0,2/.!&,1,./,(%!/+!0()1/A%!?./28#!O2!C3&)')-/1,%R!./!'()*+8-,)2!*%!'()*+,-&!./,-,%(&!0%(1%2-3&!%&-!
également recensée dans des textes archaïques irakiens datés d’environ 3200 ans avant J#N>#!
XY-,.%&!/2*!6).\/'0%.R!<FFL!Z!:%(2/(*%/+!+%#*,-R!B==KJ#!G/2&!*%&!-%@-%&!&/8(3&R!8)11%!./!:,?.%R!%-!
*/2&! ./! 1Q-I).)A,%! A(%89+%R! )2! -()+7%! 3A/.%1%2-! *%&! (303(%28%&! /+@! ./,-&! 0%(1%2-3&! Xa)+1,&R!
a30,(J!%-!/+@!0()1/A%&!X>I/1?/R!B==FJ#!O2-(%!.%!I+,-,;1%!&,;8.%!/7/2-!c#N>#!%-!.%!8,29+,;1%!&,;8.%!
/'(;&! c#N>#R! .%&! .3A,)2&! ()1/,2%&! )2-! T)+3!+2! (].%! ,1')(-/2-!dans la propagation de l’art de la 
fabrication du fromage dans toute l’Europe!X:%(2/(*%/+!+%#*,-R!B==KJ#!$/!0/?(,8/-,)2!*+!0()1/A%!
s’est améliorée au C)Q%2NfA%R! */2&! .%&! 1)2/&-;(%&! 2)-/11%2-#! G%! (3'+-/-,)2! 1/.&/,2%! `! ./!
M%2/,&&/28%R! .%! 0()1/A%!(%*%7,%2-!')'+./,(%!`! ./! 0,2!*+!<F;1%! &,;8.%R!*/-%!`! ./9+%..%! l’emploi de 
0%(1%2-&!./8-,9+%&!&%!*37%.)''%#!Louis Pasteur est le premier, en 1861, à découvrir l’implication 
d’organismes vivants dans le&! '()83*3&! *%! 0%(1%2-/-,)2&! /.,1%2-/,(%&#! ".! %&-! &+,7,! '/(! V,.I%.1!
Y-)(8I! /+! G/2%1/(aR! 6%(1/22!^%,A1/22! %2! 5..%1/A2%! %-! 6#^#! >)22! /+@! O-/&Ng2,&R! 9+,!
,*%2-,0,;(%2-! `! .%+(! -)+(! .%! (].%! *%&! ?/8-3(,%&! ./8-,9+%&! */2&! l’acidification du lait#! O2! <4FKR!
V,.I%.1!Y-)(8I!?(%7%-/!*%&!0%(1%2-&!./8-,9+%&!')+(!./!'()*+8-,)2!*%!0()1/A%!%-!*%!./,-!0%(1%2-3!
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!X6).\/'0%.R!<FFL!Z!Y-,.%&!/2*!6).\/'0%.R!<FFL!Z!c%&'%(&%2!/2*!c)&%'I&%2R!B==S!Z!:%(2/(*%/+!+%#*,-R!
B==K!Z!>I/1?/R!B==FJ#!
Parallèlement à l’urbanisation,! ./! 0/?(,8/-,)2! *%s produits laitiers s’est industrialisée grâce à! ./!
1/h-(,&%! *%&! '()83*3&! *%! 0/?(,8/-,)2! X-Q'%! *%! 0%(1%2-&R! )'3(/-,)2&! +2,-/,(%&R! %-8#J! %-! `! +2%!
1%,..%+(%! 8)22/,&&/28%! *%! .%+(&! ,1'/8-&! &+(! .%&! 8/(/8-3(,&-,9+%&! )(A/2).%'-,9+%&! *%&! '()*+,-&!
./,-,%(&R! /,2&,! 9u’/+! *37%.)''%1%2-! *%! ./! 138/2,&/-,)2! %-! *+! 0(),*! /(-,0,8,%.! X>/'.,8%! /2*!
[,-\A%(/.*R!<FFFJ#!5,2&,R!.%&!0%(1%2-/-,)2&R!(%&-3%&!.)2A-%1'&!&')2-/23%&R!)2-!'+!_-(%!(3/.,&3%&!`!
'.+&!A(/2*%!38I%..%!%-!*%!1/2,;(%!1,%+@!8)2-(].3%!XY-,.%&!/2*!6).\/'0%.R!<FFL!Z!:%(2/(*%/+!+%#*,-R!
B==KJ#!>%--%!,2*+&-(,/.,&/-,)2!/!2)-/11%2-!3-3!favorisée par l’amélioration de la sécurité sanitaire 
*%&!'()*+,-&!./,-,%(&!0%(1%2-3&!A(f8%!/+!-(/,-%1%2-!-I%(1,9+%!*+!./,-!%-!`!./!&3.%8-,)2!*%!0%(1%2-&!
&-/?.%&! X>I/1?/R! B==FJ#! $’apparition de! 2)+7%..%&! -%8I2).)A,%&! -%..%&! 9+%! ./! 1/8I,2%! `! -(/,(%!
0/?(,9+3%!'/(!>).7,2!%2!<4KB! XG%?./28! +%# *,-R!B=<=J!)+! .%! &3'/(/-%+(!8%2-(,0+A%!`!8(;1%!1,&!/+!
'),2-!'/(!i+&-/0!*%!$/7/.!%2!<4L4!XY+-I%(./2*!R!B==FJ!)2-!3A/.%1%2-!'/(-,8,'3!/+!*37%.)''%1%2-!
de l’industrie laitière#!!
Aujourd’hui, on trouve à travers le mon*%!+2%!./(A%!A/11%!*%!'()*+,-&!./,-,%(&!0%(1%2-3&R!,&&+&!
*%!0/?(,8/-,)2&!/(-,&/2/.%&!%-!,2*+&-(,%..%&!/7%8!)+!&/2&!/T)+-!*%!0%(1%2-&!./8-,9+%&#!G%!2)&!T)+(&R!
./!1/T)(,-3!*%&!'()*+,-&! ./,-,%(&! 0%(1%2-3&! &)2-!'()*+,&!`!?/&%!*%! ./,-!'/&-%+(,&3#!$%! ./,-! 8(+! %&-!
8%'%2*/2-! -)+T)+(&! +-,.,&3! %-! %&-! &)+7%2-! /&&)8,3! `! *%&! '()*+,-&! '(3&%2-/2-! +2%! '.+&! A(/2*%!
*,7%(&,-3!&%2&)(,%..%!XC)2-%.!+%#*,-R!B==EJ#!5,2&,R!%2!O+()'%R!*/2&!.%&!0,.,;(%&!0()1/A;(%&!/(-,&/2/.%&!
%-!,2*+&-(,%..%&R!*%!2)1?(%+@!0()1/A%&R!-%.&!9+%!.%!>/1%1?%(-R!.%!:%/+0)(-!)+!.%!M)9+%0)(-R!&)2-!
-)+T)+(&! 0/?(,9+3&! `! '/(-,(! *%! ./,-&! 8(+&#! ".! %@,&-%! 3A/.%1%2-! *%&! 0()1/A%&! -%.&! 9+%! .%!M/A+&/2)!
X$,8,-(/! +%# *,-R! B==L) ou l’Alberquilla (5?(,)+%.! +%# *,-R! B==4J! )?-%2+&! &/2&! /T)+-! *3.,?3(3! *%!
0%(1%2-&#!
!
9" !2*+%-(,$&./,-,:($&&
Les produits laitiers sont d’une importance économique considérable en [(/28%#! O2! B=<=R!
l’industrie laitière était la deuxième industrie agr)/.,1%2-/,(%! %2! [(/28%! %2! -%(1%! *%! 8I,00(%!
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!d’affaire, et en 2009, l%&! 7%2-%&! *%! .b,2*+&-(,%! ./,-,;(%! 0(/2j/,&%! )2-! (%'(3&%2-3! BBRB! 1,..,/(*&!
*b%+()&#!57%8!+2%!'()*+8-,)2!/22+%..%!*%!<RK!1,..,)2&!*%!-)22%&!*%!Q/)+(-&!%-!*%!./,-&!0%(1%2-3&R!
%-! <R4! 1,..,)2&! *%! -)22%&! *%! 0()1/A%&R! ./! [(/28%! %&-! .%! &%8)2*! '()*+8-%+(! %+()'3%2! *%! ./,-&!
0%(1%2-3&! %-! *%! 0()1/A%&#! $%&! 0(/2j/,&! &%! 8./&&%2-! '/(1,! .%&! '.+&! A()&! 8)2&)11/-%+(&! */2&! .%!
1)2*%! *%&! '()*+,-&! ./,-,%(&! 0%(1%2-3&! 0(/,&! 9+%! &)2-! .%&! Q/)+(-&R! .%&! ./,-&! 0%(1%2-3&R! .%&! ./,-&!
%1'(3&+(3&!%-!.%&!0()1/A%&!0(/,&#!$/!8)2&)11/-,)2!/22+%..%!'/(!I/?,-/2-!/--%,2-!BERF!aA!')+(!.%!
0()1/A%!%-!'.+&!*%!B=!aA!')+(!.%&!./,-&!0%(1%2-3&!X>k"O$R!B=<<J#!!
L’économie de ce secteur peut également fructifier grâce à son %&&)(!,2-%(2/-,)2/.#!U(),&!A(/2*&!
A()+'%&!./,-,%(&!0(/2j/,&!XG/2)2%R!$/8-/.,&!%-!:)2A(/,2J!&%!8./&&%2-!'/(1,!.%&!<D!A()+'%&!.%/*%(&!
1)2*,/+@! X>/.7%\R! B==KJ#! L’exportation de nombreux produits laitiers représente un apport 
38)2)1,9+%!,1')(-/2-R!/7%8R!%2!B=<=R!+2!&).*%!*+!8)11%(8%!%@-3(,%+(!*%!./,-&!%-!'()*+,-&!./,-,%(&!
de 3,4 milliards d’euros (>k"O$R!B=<<JR!%-!+2%!%@')(-/-,)2!*%!BED!KLE!-)22%&!*%!Q/)+(-&!%-!KEF!
D==!-)22%&!*%!0()1/A%&!X>k"O$R!B=<<J#!O-! .%&!7%2-%&!-%2*%2-!%28)(%!`!/+A1%2-%(!/7%8!./!0)(-%!
/+A1%2-/-,)2! *%! ./! *%1/2*%! /&,/-,9+%! ')+(! .%! ./,-! %-! .%&! '()*+,-&! ./,-,%(&#! H/(1,! .%&! *,7%(&!
'()*+,-&! ./,-,%(&! 0%(1%2-3&R! .%&! Q/)+(-&! `! ?),(%! &)2-! .%&! .%/*%(&! */2&! ./! 8(),&&/28%! *+! 1/(8I3!
/.,1%2-/,(%!XG)+/+*R!B==LJ#!!
50,2! *%! '(3&%(7%(! &/! './8%! 38)2)1,9+%R! %-! 0/7)(,&%(! &)2! *37%.)''%1%2-! à l’internationalR! .%!
&%8-%+(!./,-,%(!0(/2j/,&!*),-!-)+T)+(&!,22)7%(!%2!'()')&/2-!2)-/11%2-!*%&!'()*+,-&!9+,!(3')2*%2-!
/+@! /--%2-%&! *%&! 8)2&)11/-%+(&! %-! *)2-! ./! &-/?,.,-3! 1,8()?,).)A,9+%! /13.,)(%! .%+(! 8/'/8,-3!
d’exportation.!
!
;" #$%&</7-3(,$%&./7-,8+$%&
$%! -%(1%! ?/8-3(,%&! ./8-,9+%&! /! 3-3! *30,2,! ')+(! ./! '(%1,;(%! 0),&! %2! <F<F! '/(!d(./Nc%2&%2! Xd(./N
c%2&%2R! <F<FJ#! ".! 2%! *3&,A2%! '/&! +2%! 8./&&%! 'IQ.3-,9+%!1/,&! +2! %2&%1?.%! *%! ?/8-3(,%&! `!i(/1!
positif, catalase négative, non sporulantes, immobiles et qui produisent majoritairement de l’acide 
./8-,9+%! '/(! ./! 0%(1%2-/-,)2! *%! 8)1')&3&! A.+8,*,9+%&! XG%&1/\%/+*R! <F4E!Z! H0%,.%(! %-!
l./%2I/11%(R!B==LJ#!!
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!<# 6/?,-/-&!%-!%@,A%28%&!2+-(,-,)22%..%&!
Les bactéries lactiques sont apparues il y a trois milliards d’années, mais .%+(!*,7%(&,-3!A323-,9+%!/!
8)22+!une rapide expansion avec l’apparition des mammifères, il y a 65 millions années. Cet!
essor s’est encore accentué lorsque les humains ont commencé à élever le bétail, il y a environ 
4===!/2&!XU/,..%\R!B==<J#!5,2&,R!.%&!?/8-3(,%&!./8-,9+%&!%2-(%-,%22%2-!+2%!(%./-,)2!3-(),-%!/7%8!.%&!
I+1/,2&! %-! .%&! /2,1/+@#! O..%&! 8).)2,&%2-! 2)2! &%+.%1%2-! .%! -(/8-+&! A/&-()N,2-%&-,2/.! %-! .%&!
1+9+%+&%&!*%&!1/11,0;(%&R!1/,&!&%!(%-()+7%2-!3A/.%1%2-!*/2&! .%+(!%27,()22%1%2-#!O..%&!&)2-!
2)-/11%2-!(%-()+73%&!*/2&!.%!./,-!%-!.%&!'()*+,-&!./,-,%(&!0%(1%2-3&R!et dans bien d’autres aliments 
0%(1%2-3&!-%.&!9+%!.%&!&/+8,&&)2&R!./!8I)+8()+-%R!.%&!).,7%&!%-!.%!'/,2R!*/2&!.%&!1/-,;(%&!73A3-/.%&!
,2-/8-%&!)+!/7/(,3%&!%-!*/2&! .%&!%2&,./A%&#!O..%&!&)2-!*)28!'(3*)1,2/2-%&!/+!&%,2!*+!1,8()?,)-%!
naturel de nombreux aliments fermentés et y jouent un rôle de conservation ou d’altération!XY-,.%&!
/2*!6).\/'0%.R!<FFL!Z!:%(2/(*%/+!+%#*,-R!B==KJ#!
$%&! ?/8-3(,%&! ./8-,9+%&! )2-! *%&! ?%&),2&! 2+-(,-,)22%.&! 8)1'.%@%&#! O..%&! &)2-! %@,A%/2-%&! %2!
vitamines, bases azotées, minéraux, glucides ou bien encore en dérivés d’acides nucléiques 
XG%&1/\%/+*R!<F4E!Z!U/,..,%\R!B==<!Z!:%(2/(*%/+!+%#*,-R!B==KJ. Elles sont incapables d’effectuer la 
synthèse d’acides aminés à partir d’une source azotée plus simple et ne peuvent donc se 
*37%.)''%(!9+%!&+(!*%&!1,.,%+@!(,8I%&!%2!/8,*%&!/1,23&#!>%(-/,2%&!')&&;*%2-!*%&!'()-3,2/&%&R!*%&!
aminopeptidases ou des exopeptidases permettant l’utilisation des acides aminés, peptides ou 
'()-3,2%&!%@)A;2%&#!$%&!?/8-3(,%&!./8-,9+%&!&)2-!*)28!(%-()+73%&!*/2&!*%&!38)&Q&-;1%&!(,8I%&!)m!
8%&! *,003(%2-&! 3.31%2-&! &)2-! *,&')2,?.%&#! $%! ./,-! (%'(3&%2-%! +2!1,.,%+! *%! 8(),&&/28%! 0/7)(/?.%! `!
8%(-/,2%&! ?/8-3(,%&! ./8-,9+%&! 9+,! Q! -()+7%2-! 2)-/11%2-!une source importante d’azote, qu’elles 
'+,&%2-!*/2&!./!0(/8-,)2!/\)-3%!2)2!'()-3,9+%!*%!8%-!/.,1%2-!XG%&1/\%/+*R!<F4EJ#!!
A l’origine, le! ./,-!%&-!&-3(,.%!*/2&! ./!1/1%..%!*%&!/2,1/+@!&/,2&R! ,.!n’%&-!8)2-/1,23!qu’après sa 
&)(-,%! *+! -(/Q)2#! O2! (/,&)2! *%! ./! -(;&! A(/2*%! 7/(,3-3! *%&! &)+(8%&! *%! 8)2-/1,2/-,)2! %-! *%! &/!
composition, le lait est susceptible d’être contaminé par une large gamme de microorganism%&#!
$/! *,7%(&,-3! 1,8()?,%22%! '(3&%2-%! */2&! .%! ./,-! 8(+! %&-! *)28! ./! 8)2&39+%28%! *%&! '(/-,9+%&!
/''.,9+3%&!%2!/7/.R!1/,&!3A/.%1%2-!%2!/1)2-!*%!./!-(/,-%#!5,2&,!.%&!13-I)*%&!*b3.%7/A%!X'f-+(%&R!
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!&-/?+./-,)2&R!/.,1%2-/-,)2R!%-8#JR!*%! -(/,-%! X-)2-%!*+!',&R! ./7/A%!*%&! -(/Q)2&R!3T%8-,)2!*+!'(%1,%(!
T%-R!%-8#JR!*%!2%--)Q/A%!*+!1/-3(,%.!%2!8)2-/8-!/7%8!.%!./,-R!%-!*%!&-)8a/A%!X*+(3%!%-!-%1'3(/-+(%!*%!
&-)8a/A%J! 7)2-! /7),(! +2! ,1'/8-! 8)2&,*3(/?.%! &+(! ./! 2/-+(%R! ./! *,7%(&,-3! %-! ./! 8)28%2-(/-,)2! *%&!
*,003(%2-%&!')'+./-,)2&!1,8()?,%22%&!'(3&%2-%&!*/2&!.%! ./,-! XC,8I%.!+%#*,-R!B==<!Z!V%(*,%(NC%-\!+%#
*,-R!B==FJ#!$)(&9+%!8%&!'(/-,9+%&!&)2-!(3/.,&3%&!*/2&!*%!?)22%&!8)2*,-,)2&!IQA,32,9+%&R!.%!./,-!8(+!
8)2-,%2-!+2%!')'+./-,)2!1,8()?,%22%!-)-/.%!*%! .b)(*(%!*%!<=E! `!<=D!g[>W1.! Xd*%-R!<FFF!Z![/Q%!
/2*! $),&%/+R! B===!Z! :%(%&0)(*! /2*! ^,..,/1&R! B==SJ#! >%--%! ')'+./-,)2! 1,8()?,%22%! %&-! -(;&!
*,7%(&,0,3%!%-!'%+-!8)2-%2,(!+2%!8%2-/,2%!*%!A%2(%&!?/8-3(,%2&!*,003(%2-&!XM//-&!+%#*,-R!B=<<J#!!
d2!'%+-!&3'/(%(!.%&!1,8())(A/2,&1%&!'(3&%2-&!%2!-(),&!A()+'%&!0)28-,)22%.&!&%.)2!.%+(!,1'/8-!%2!
,2*+&-(,%! ./,-,;(%!n! X,J! .%&! 1,8())(A/2,&1%&! ')-%2-,%..%1%2-! '/-I)A;2%&! -%.&! 9+%! .%&! &)+8I%&!
d’.(/0+&!/0!*# /',!! '/-I)A;2%&R! .%&! %&';8%&! *+! A%2(%! 1&)/+,,*R! .%&! &-/'IQ.)8)9+%&! `! 8)/A+./&%!
')&,-,7%R! .%&! &-(%'-)8)9+%&R! .%&! &/.1)2%..%&R! .%&! %&';8%&! *+! A%2(%!2+&(!"!*R! .%&! %&';8%&! *+! A%2(%!
3*456,'7*/%+&!%-!8!(%+&!*#4'"'/6%'9+"+(!Z!X,,J!les microorganismes responsables d’altération!8)11%!
.%&!8).,0)(1%&R!.%&!?/8-3(,%&!&')(+.3%&R!.%&!:(+);'4'"*(!&''#R!.%&!1),&,&&+(%&!%-!.%&!.%7+(%&!Z!%-!X,,,J!
.%&!1,8())(A/2,&1%&!+-,.%&!)+!-%8I2).)A,9+%&!(%'(3&%2-3&!'/(!.%&!?/8-3(,%&!./8-,9+%&!X./8-)8)9+%&R!
./8-)?/8,..%&R!.%+8)2)&-)8&JR!.%&!?/8-3(,%&!'()',)2,9+%&!%-!.%&!1,8())(A/2,&1%&!*%!&+(0/8%!X.%7+(%&R!
1,8()8)9+%&R! ?/8-3(,%&! 8)(Q230)(1%&R! %-8#J! X6%(1,%(! +%# *,-R! <FFBJ#! $%&! ?/8-3(,%&! ./8-,9+%&!
(%'(3&%2-%2-! A323(/.%1%2-! *%! B=! `! E=!o! *%&! ?/8-3(,%&! -)-/.%&! ,&).3%&! *+! ./,-R!1/,&! 8%&! 8I,00(%&!
'%+7%2-!_-(%!&)+1,&!`!7/(,/-,)2!%2!0)28-,)2!*%!./!&/,&)2R!*%!./!'()7%2/28%!X8I;7(%R!7/8I%R!?(%?,&J!
)+!*%&!8)2*,-,)2&!*%!&-)8a/A%!XC,8I%.!+%#*,-R!B==<!Z!^)+-%(&!+%#*,-R!B==B!Z!:%(%&0)(*!/2*!^,..,/1&R!
B==S!Z!V%(*,%(NC%-\!+%#*,-R!B==F!Z!M//-&!+%#*,-R!B=<<J#!$/!1/T)(,-3!/''/(-,%2-!/+!A%2(%!."%+&'/'//)(<!
1/,&! )2! (%-()+7%! 3A/.%1%2-! *%! 2)1?(%+@! (%'(3&%2-/2-&! *%&! ?/8-3(,%&! /''/(-%2/2-! /+@! A%2(%&!
8*/%'/'//)(R!=%&+5%'/'//)(R!8*/%'7*/!,,)(R!8+)/'"'(%'/!%-!:+;!'/'//)(!XC%*,2/!+%#*,-R!B==<!Z!:/*,&!+%#*,-R!
B==S!Z! >/..)2! +%# *,-R! B==L!Z! [(/28,)&,! +%# *,-R! B==FJ#! $%! ./,-! %&-! ./! '(,28,'/.%! &)+(8%! *%!
1,8())(A/2,&1%&!*/2&!.%!0()1/A%!0/?(,9+3!`!'/(-,(!*%!./,-!8(+!%-!*/2&!.%&!'()*+,-&!./,-,%(&!0/?(,9+3&!
'/(!0%(1%2-/-,)2!&')2-/23%!X^)+-%(&!+%#*,-R!B==B!Z!:%(%&0)(*!/2*!^,..,/1&R!B==SJ#!5,2&,!-)+-%&!.%&!
?/8-3(,%&! ./8-,9+%&! '(3&%2-%&! */2&! .%! ./,-! 8(+! '%+7%2-! _-(%! '(3&%2-%&! */2&! .%&! '()*+,-&! ./,-,%(&!
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!0%(1%2-3&! )?-%2+&! '/(! 0%(1%2-/-,)2! &')2-/23%#! >%&! ?/8-3(,%&! ./8-,9+%&! '()7,%22%2-! *%!
l’alimentation! X%/+R! 73A3-/+@! %-! .%+(&!'()*+,-&!*3(,73&!comme l’%2&,./A%JR!*%&! /2,1/+@! X-(/8-+&!
*,A%&-,0R! 3',*%(1%J! %-! *%&! .)8/+@! X&).R! &-/?+./-,)2&R! /,(J! X6%11%! /2*! [)+8/+*NY8I%+2%1/22R!
B==S!Z!l/Aa.,!+%#*,-R!B==L!Z!C)0(%*T!+%#*,-R!B==L!Z!V/8I%Q()+!+%#*,-R!B=<<J!X[,A+(%!<J#!!
!
=,>+($&?"&G,7%(&,-3!%-!)(,A,2%!*%&!?/8-3(,%&!(%-()+73%&!*/2&!.%!./,-!8(+!*%!7/8I%#!$%&!?/8-3(,%&!./8-,9+%&!&)2-!
%28/*(3%&!%2!()+A%!(adaptée d’après V/8I%Q()+!%-!/.#!XB=<<JJ#!&
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!B# C3-/?).,&1%!
$%&! ?/8-3(,%&! ./8-,9+%&! &)2-! *%&! 1,8())(A/2,&1%&! 8I,1,)N)(A/2)I3-3()-()'I%&! &-(,8-%1%2-!
0%(1%2-/,(%&! 9+,! &Q2-I3-,&%2-! .%+(! 5UH! '/(! 'I)&'I)(Q./-,)2! /+! 2,7%/+! *+! &+?&-(/-#! O..%&! &)2-!
8./&&3%&! %2! -(),&! A()+'%&! *,&-,28-&! &%.)2! .%&! 7),%&! 13-/?).,9+%&! +-,.,&3%&! ')+(! 0%(1%2-%(! .%&!
A.+8,*%&#! d2! (%28)2-(%R! d’une partR! .%&! ?/8-3(,%&! ./8-,9+%&! I)1)0%(1%2-/,(%&! X1/T)(,-/,(%1%2-!
/&&)8,3%&!`!9+%.9+%&!%&';8%&!*+!A%2(%!8*/%'7*/!,,)(J!*)2-!.%!'()*+,-!1/T%+(!*%!./!0%(1%2-/-,)2!*+!
A.+8)&%! est l’acide lactique et d’autre partR! .%&! ?/8-3(,%&! ./8-,9+%&! I3-3()0%(1%2-/,(%&! 9+,!
'(oduisent de l’éthanol et/ou de l’acide acétique en plus de l’acide lactique#! >%..%&N8,! &)2-!
'/(-/A3%&! %2-(%! .%&! I3-3()0%(1%2-/,(%&! 0/8+.-/-,7%&! 9+,! 2%! '()*+,&%2-! '/&! *%!>dB! `! '/(-,(! *%! ./!
0%(1%2-/-,)2! *+! A.+8)&%! %-! .%&! I3-3()0%(1%2-/,(%&! &-(,8-%&! 9+,! %2! '()*+,&%2-#! >%&! *%(2,;(%&!
8)1'(%22%2-! .%&!A%2(%&!8+)/'"'(%'/R!>+"'/'//)(! %-!?+!((+,,*! /,2&,!9+%!9+%.9+%&!%&';8%&!*+!A%2(%!
8*/%'7*/!,,)(# XU/?.%/+!<J#! $%&! ?/8-3(,%&! ./8-,9+%&! I3-3()0%(1%2-/,(%&! 0/8+.-/-,7%&! 8)1'(%22%2-!
9+%.9+%&! %&';8%&! *+! A%2(%! 8*/%'7*/!,,)(! %-! ./! '.+'/(-! *%&! %&';8%&! *%&! A%2(%&! ."%+&'/'//)(R!
8*/%'/'//)(R! :+;!'/'//)(R! =%&+5%'/'//)(R! @+%&*9+"'/'//)(! %-! A*9'/'//)(#! $%&! ?/8-3(,%&!
I)1)0%(1%2-/,(%&! &-(,8-%&! ')&&;*%2-! +2%! 0(+8-)&%B<<KB*,&'I)&'I/-%! /.*)./&%R! %2\Q1%! 8.%0! *%! ./!
A.Q8).Q&%!X7),%!*bO1?*%2NC%Q%(I)0NH/(2/&J!9+,!8/-/.Q&%!./!&8,&&,)2!%2-(%!.%!N>E!%-!.%!N>S!*+!βNGN
0(+8-)&%N<RKN*,'I)&'I/-%! %2! GNA.Q83(/.*3IQ*%NEN'I)&'I/-%! XiEHJ! %-! *,IQ*()@Q/83-)2%!
'I)&'I/-%R!/?)+-,&&/2-!`! ./!'()*+8-,)2!9+/&,Nexclusive d’acide lactique (Figure!BJ#!$%&!?/8-3(,%&!
I3-3()0%(1%2-/,(%&!')&&;*%2-R!9+/2-!`!%..%&R!+2%!0(+8-)&%!@Q.+.)&%NDN'I)&'I/-%!'I)&'I)83-)./&%R!
%2\Q1%!8.%0!*%!./!7),%!*%&!'%2-)&%&!'I)&'I/-%&!X7),%!*%!^/(?+(ANG,8a%2&N6)(%8a%(J!9+,!8.,7%!.%!
@Q.+.)&%NDN'I)&'I/-%! %2! iEH! %-! %2! /83-Q.! 'I)&'I/-%R! .%&9+%.&! 8)2*+,&%2-! (%&'%8-,7%1%2-! `! ./!
synthèse d’acide lactique et d’éthanol ou d’/8,*%! /83-,9+%#! $%&! ?/8-3(,%&! ./8-,9+%&!
I3-3()0%(1%2-/,(%&! &-(,8-%&! 3-/2-! *3')+(7+%&! *%! 0(+8-)&%B<<KB*,&'I)&'I/-%! /.*)./&%! ,2-%(7%2/2-!
*/2&! ./! A.Q8).Q&%R! 13-/?).,&%2-! .%&! I%@)&%&! '/(! ./! 7),%! *%&! '%2-)&%&! 'I)&'I/-%&! %-! '()*+,&%2-!
*)28!*+!>dB!'/(!./!*38/(?)@Q./-,)2!*+!KN'I)&'I)A.+8)2/-%!X[,A+(%!BJ#!!
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!@/<.$/+&?"&>./&&,0,8/-,)2!*%&!?/8-3(,%&!./8-,9+%&!&%.)2!.%+(!13-/?).,&1%#!"2&',(3!*%!U%+?%(!X<FFEJ!%-!*%![%.,&!/2*!G%../A.,)!XB==LJ#&
i()+'%&!
'IQ.)A323-,9+%&!
6)1)0%(1%2-/,(%&!&-(,8-&! 63-3()0%(1%2-/,(%&!0/8+.-/-,0&! 63-3()0%(1%2-/,(%&!&-(,8-&!
A()+'%#8*/%'7*/!,,)(#
;+,7&)+/C!!#!
87-#*/!;'50!,)(R!87-#*46,',6%!/)(R!!
87-#*46,'50!,)(R!87-#*46,'%&'50!/)(R!!
87-#*46,'$'&)(R!87-#*"!4*,!(R!87-#/&!(5*%)(R!!
87-#;+,7&)+/C!!! &+?&'#!7),9*&!/)(R!;+,7&)+/C!!R!
!";!/)(!%-!,*/%!(R!87-#9*,,!"*&)4R!87-#9*((+&!R!
87-#0+,$+%!/)(R!87-#!"+&(R!87-#D'0"('"!!R!
87-# C*,!E+"(!(R! 87-# C+F!&*"'F*/!+"(! &+?&'#!
C+F!&*"'F*/!+"(!%-!C+F!&9&*")4R!87-#),%)"+"(!(!
87-#*/+%'%',+&*"(R!87-#F'&"!/*,!(R!87-#0*4(%+&!R!!
87-#!"%+(%!"*,!(R!87-#D+"(+"!!R!87-#C!%*(*%'"!(R!!
87-#('7&!)(!
87-#5(!%%*/!#
A()+'%#8*/%'7*/!,,)(#
/*(+!B:+;!'/'//)(!#
87-#*$!*&!)(!&+?&'#!*&*FF!"'()(!%-!*$!*&!)(R!!
87-#/*%+"*F'&4!(R!87-#/'"/*$)(R!87-#+G)!R!!
87-# F*&/!4!"!(R!87-#4*,!R!87-#4*"!0'%!$'&*"(R!
87-#4!";+"(!(R!87-#"*9+,!!R!87-#5*"%0+&!(R!!
87-# &)4!"!(R! 87-# (*+&!4"+&!R! 87-# (*,!$*&!)(R!
87-#(*%()4+"(!(R!87-#(0*&5+*+R!87-#%)//+%!<##
87-#$+&(4',;+"(!(R!87-#$!%),!")(!!!
:+;!'/'//)(!;*4"'()(R!:-#;+E%&!"!/)4R!!
:-#5*&$),)(!
87-#*/!;!5!(/!(R!87-#*9!,!(R!87-#*,9!;)(R!!
87# *,!4+"%*&!)(R!87-# *5';+4!R!87-# 7!F+&4+"%*"(R!
87-#/*(+!R!87-#/',+'0'4!"!(R!87-#/'45'(%!R!!
87-# /'&6"!F'&4!(! &+?&'#! /'&6"!F'&4!(! %-! %'&G)+"(R!
87-#/)&$*%)(R!87-#F*&&*9!"!(R!87-#F)/0)+"(!(R!!
87-#9&*4!"!(R!87-#0*44+(!!R!87-#0*&7!"+"(!(R!!
87-#0'4'0!'/0!!R!87-C!4/0!!R!87-#4)&!")(R!!
87-# "*"%+"(!(R! 87-# 5*&*/*(+!! &+?&'#! 5*&*/*(+!! %-!
%',+&*"(R!87-# 5*&*F*&&*9!"!(R!87-# 5*&*,!4+"%*&!)(R!
87-# 5*&*5,*"%*&)4R! 87-# 5+"%'()(R! 87-# 5+&',+"(R!
87-# 5,*"%*&)4R! 87-# 5,*"%*&)4! &+?&'#!
*&9+"%'&*%+"(!(R!87-!&+""+"!R!87-#&0*4"'()(R!!
87-#(*C+!!&+?&'#!/*&"'()(!%-!(*C+!R!!
87-#(+/*,!50!,)(R!87-#(5!/0+&!R!87-#$!"!R!87-#H+*+!!
:+;!'/'//)(!*/!;!,*/%!/!!
87-#*/!;!F*&!"*+R!87-#*"%&!R!87-#7&+$!(R!!
87-# 7)/0"+&!R! 87-# /',,!"'!;+(R! 87-# ;!',!$'&*"(R!
87-# F+&4+"%)4R! 87-# F&)/%!$'&*"(R! 87-# F&)4+"%!R!
87-#9*(%&!/)(R!87-#0!,9*&;!!R!87-#!"9,)$!+!R!!
87-#C+F!&!R!87-#C)"C++!R!87-#,!";"+&!R!!
87-#4*,+F+&4+"%*"(R!87-#4)/'(*+R!!
87-# "*4)&+"(!(R! 87-# ',!9'F+&4+"%*"(R! 87-# '&!(R!
87-#5*"!(R!87-#5*&*7&+$!(R!87-#5*&*7)/0"+&!R!!
87-# 5*&*/',,!"'!;+(R! 87-# 5*&*C+F!&!R! 87-# 5'"%!(R!
87-#&+)%+&!R!87-#&'((!*+R!87-#(*"F&*"/!(/+"(!(R!!
87-# (*,!9!"!(R! 87-# ()+7!/)(R! 87-# $*//!"'(%+&/)(R!
87-#$*9!"*,!(R!87-#H64*+!
A()+'%#8+)/'"'(%'/#
5*&*4+(+"%+&'!;+(!!
>+"'/'//)(#&''#!
?+!(+,,*!&''##
#
! ! 87-#F&)/%'()(!
?-#/'"F)(*R!?-!X87#J!$!&!;+(/+"(R!!
?R!X87#J!0*,'%',+&*"(R!?-!X87#J!0!,9*&;!!R!!
?#!X87#J!C*";,+&!R!?-!X87#J!4!"'&R!!
?-#0+,,+"!/*R!?-!X8+)/#J!5*&*4+(+"%+&'!+;+(!
8+)/-#*4+,!7!'()4R!8+)/-#*&9+"%!")4R!!
8+)/-#,*/%!(R!8+)/-#4+(+"%+&'!;+(R!!
8+)/-# 5(+);'4+(+"%+&'!;+(R! 8+)/-# /*&"'()4R!
8+)/-#9+,!;)4R!8+)/-#F*,,*E!
1
6
!!
!
=,>+($& A"! V),%&! I)1)0%(1%2-/,(%! %-! I3-3()0%(1%2-/,(%! *%! ./! *3A(/*/-,)2! *%&! A.+8,*%&! '/(! .%&! ?/8-3(,%&!
./8-,9+%&#! $%&! %2\Q1%&! &)2-! ,2*,9+3%&! %2! ()+A%&! %-! .%&! %2\Q1%&! .,1,-/2-%&! &)2-! %28/*(3%&#! $%&! '()*+,-&!
,&&+&!*%!8%&!(3/8-,)2&!&)2-!%2-)+(3&!%2!?.%+#!
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!$%&! ?/8-3(,%&! ./8-,9+%&! I3-3()0%(1%2-/,(%&! 0/8+.-/-,7%&R! ')&&3*/2-! .%&! %2\Q1%&! *%&! *%+@! 7),%&!
13-/?).,9+%&R!13-/?).,&%2-! .%&!I%@)&%&!'(303(%2-,%..%1%2-!'/(! ./!A.Q8).Q&%!%-! .%&!'%2-)&%&!'/(! ./!
7),%! *%&! '%2-)&%&! 'I)&'I/-%&! XU/,..,%\R! B==S!Z! $)+?,;(%! /2*! >)8/,A2N:)+&9+%-R! B==FJ#! $%&!
?/8-3(,%&! ./8-,9+%&! I3-3()0%(1%2-/,(%&! 0/8+.-/-,7%&R! 8)2-(/,(%1%2-! /+@! ?/8-3(,%&!
I)1)0%(1%2-/,(%&R! &)2-! 8/'/?.%&! *%! 13-/?).,&%(! `! ./! 0),&! .%&! I%@)&%&! %-! .%&! '%2-)&%&R! %-! 2%!
'()*+,&%2-! '/&! *%! >dB! `! '/(-,(! *%! ./! 0%(1%2-/-,)2! *+! A.+8)&%R! 8)2-(/,(%1%2-! /+@! ?/8-3(,%&!
I3-3()0%(1%2-/,(%&!&-(,8-%&#!!
G/2&! .%! ./,-R! .%&! ?/8-3(,%&! ./8-,9+%&!13-/?).,&%2-! '(,28,'/.%1%2-! .%! ./8-)&%! X8.,73! %2! A.+8)&%! %-!
A/./8-)&%J!%-! .%!8,-(/-%!XC8Yp%%2%Q!/2*![)@R!B==S). D’autres éléments tels que la caséine et les 
/8,*%&! /1,23&! *3(,73&! *%! ./! 8/&3,2%! /,2&,! 9+%! ./! 0(/8-,)2! /\)-3%! 2)2! '()-3,9+%! &)2-! 8%'%2*/2-!
+-,.%&!`!.%+(!8(),&&/28%#!
$%&! ?/8-3(,%&! ./8-,9+%&! &)2-! *%&! 1,8())(A/2,&1%&! /3()-).3(/2-&#! O..%&! ')&&;*%2-! +2%! 8I/h2%!
(%&',(/-),(%!,28)1'.;-%R!/7%8!+2%!8Q-)8I()1%!oxydase dépourvue d’hème, et pour certaines, une 
absence de quinones. L’oxygène, qui n’est pas éliminé par la respiration, se combine avec les 
(/*,8/+@! .,?(%&! %-! %2-(/h2%! ./! 0)(1/-,)2! *%! 1).38+.%&! %@-(_1%1%2-! -)@,9+%&! X&+'%()@Q*%R!
peroxyde d’hydrogène, rad,8/+@!IQ*()@Q.%&J! 9+,! )@Q*%2-! .%&! .,',*%&R! .%&! '()-3,2%&! %-! .%&! /8,*%&!
2+8.3,9+%&R! /00%8-/2-! /,2&,! .%!13-/?).,&1%!%-! ./! 8(),&&/28%!*%&!?/8-3(,%&! ./8-,9+%&! XG+p/-! +%# *,-R!
B==<). Le peroxyde d’hydrogène formé ne peut pas être totalement éliminé par les bacté(,%&!
./8-,9+%&!9+,!2%!')&&;*%2-!'/&!*%!8/-/./&%!1/,&!+2%!'&%+*)N8/-/./&%!*3')+(7+%!*%!2)Q/+!I;1%!
XY-,.%&!/2*!6).\/'0%.R!<FFL). Certaines sont cependant tolérantes à l’oxygène car elles possèdent 
des peroxydases permettant d’éliminer le peroxyde d’hydrogène! 0)(13! %-! +2%! &+'%()@Q*%!
*,&1+-/&%! `! 1/2A/2;&%! XYdGNMn) assurant l’élimination des radicaux libres oxygénés 
X&+'%()@Q*%J! XG%&1/\%/+*R! <F4E!Z! U/,..,%\! B==<). Pour d’autres espèces, la présence d’hème 
X8*/%'/'//)(# ,*/%!(J! %-! '/(0),&! *%! 9+,2)2%&! X=%&+5%'/'//)(# *9*,*/%!*+J! &+00,-! `! (3-/?.,(! +2%! 8I/h2%!
respiratoire ainsi qu’une activité catalase! fonctionnelle en présence d’oxygène. Dans ces 
8)2*,-,)2&R!.%+(!13-/?).,&1%!(%&',(/-),(%!.%+(!'%(1%-!*%!&+(7,7(%!%-!*%!'()*+,(%!*%!./!?,)1/&&%!%2!
présence d’oxygène (G+p/-!+%#*,-R!B==<J#!
!
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!E# HIQ.)A32,%!et méthodes d’identification!
$%&!?/8-3(,%&!./8-,9+%&!&)2-!*%&!1,8())(A/2,&1%&!9+,!'(3&%2-%2-!+2!0/,?.%!')+(8%2-/A%!%2!A+/2,2%!
%-!%2!8Q-)&,2%!XEENDD!oJR!%..%&!0)2-!'/(-,%!*%&!I!&4!/)%+(#!>%&!?/8-3(,%&!%2A.)?%2-!'.+&,%+(&!A%2(%&R!
dont les représentants sont en forme de coque à l’exception de 8*/%'7*/!,,)(R!*%!3*&"'7*/%+&!)4!%-!
*%!8%(-/,2%&!%&';8%&!*%!?+!((+,,*R!9+,!&)2-!%2!0)(1%!*%!?f-)22%-#!d2!Q!(%28)2-(%!2)-/11%2-!.%&!
A%2(%&!J+&'/'//)(R!3*&"'7*/%+&!)4R!."%+&'/'//)(R!8*/%'7*/!,,)(R!8*/%'/'//)(R!8+)/'"'(%'/R!>+"'/'//)(R!
:*&*,*/%'7*/!,,)(<!:+;!'/'//)(R!=%&+5%'/'//)(R!@+%&*9+"'/'//)(R!A*9'/'//)(!%-!?+!((+,,*!X[,A+(%!EJ!'/(1,!
.%&9+%.&!I+,-!&)2-!+-,.,&3&!%2!/A()/.,1%2-/,(%&!XY-,.%&!/2*!6).\/'0%.R!<FFL!Z!H)-R!B==4J#!
!
!
=,>+($& B"! 5(?(%! 'IQ.)A32,9+%! *%&! ?/8-3(,%&! ./8-,9+%&! %-! 8)1'/(/,&)2! /7%8! .%&! A%2(%&# 8!(%+&!*<#
=%*506,'/'//)(# +%# 1*/!,,)(! (d’après 5@%.&&)2! XB==SJJ#! $%&! *,&-/28%&! 37).+-,7%&! &)2-! 8/.8+.3%&! '/(!
comparaison des séquences du gène codant pour l’ARNr 16S.!
&
L’identification et la!8./&&,0,8/-,)2!*%&!?/8-3(,%&!./8-,9+%&!&)2-!8)1'.%@%&!et ceci est d’autant plus 
vrai pour les lactobacilles car les espèces au sein d’un groupe sont souvent étroitement proches. 
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!5+-(%0),&R! .%&! %&';8%&! *+! A%2(%! 8*/%'7*/!,,)(! 3-/,%2-! 8./&&3%&! %2! -(),&! A(/2*&! A()+'%&!
'IQ.)A323-,9+%&! X87-# ;+,7&)+/C!!R! 87-# /*(+!N:+;!'/'//)(! %-! .%! A()+'%! *%&! 8+)/'"'(%'/! 9+,! 8)2-%2/,-!
/+&&,! 9+%.9+%&! ./8-)?/8,..%&J! X>)..,2&! +%# *,-R! <FF<J! X[,A+(%! EJ#! $%&! 2)+7%..%&! 13-I)*%&! *%!
8./&&,0,8/-,)2! )2-! '%(1,&! *%! (337/.+%(! 8%&! A()+'%&! %-! .%s espèces qu’ils comprennent pour 
finalement aboutir aujourd’hui à une nouvelle classification comportant plus d’une dizaine de 
A()+'%&!X[%.,&!/2*!G%../A.,)R!B==L!Z!H)-R!B==4J!XU/?.%/+!BJ#!!
L’identification et la différenciation des espèces appartenant au A()+'%!87-#/*(+!!s’avère2-!&)+7%2-!
*3.,8/-%&#!>%!A()+'%! 8)2-,%2-!*%&! %&';8%&! -(;&! 8)2-()7%(&3%&#! $%&!*,003(%2-%&! &)+8I%&!*+!A()+'%!
87-# /*(+!! &)2-! 'IQ.)A323-,9+%1%2-! 3-(),-%1%2-! (%.,3%&! et il y a eu beaucoup d’erreur 
d’identification de souches commerciales!X6).\/'0%.!+%#*,-R!B==<!Z!G%&/,!+%#*,-R!B==KJ#!87-#5*&*/*(+!!
(%&-%! `! 8%! T)+(! l’objet! de polémiques, certains considérant qu’il s’agit d’un synonyme 
I3-3()-Q',9+%! *%! 87-# /*(+!! XG%../A.,)! +%# *,-R! <FF<!Z! G,8a&! +%# *,-R! <FFK!Z! G%../A.,)! +%# *,-R! B==BJ#!
L’espèce!87-#5*&*/*(+!!regroupe aujourd’hui '.+&,%+(&!/28,%22%&!&)+&N%&';8%&!*%!87-#/*(+!!n!87-#/*(+!!
&+?&'#!*,*/%'()(!%-!87-#/*(+!!&+?&'#!5(+);'5,*"%*&)4!Xaujourd’hui 87#!5*&*/*(+!!&+?&'#!5*&*/*(+!J!/,2&,!
9+%!87-#/*(+!!&+?&'#!%',+&*"(!Xaujourd’hui 87-!5*&*/*(+!!&+?&'#!%',+&*"(JR!9+,!'(3&%2-%2-!%2-(%!%..%&!*%&!
similarités d’ADN élevées, %-!+2%!&,1,./(,-3!d’ADN *%!&%+.%1%2-!<=!`!B=!o!/7%8!./!&)+8I%!-Q'%!
87-# /*(+!! &+?&'#! /*(+!!5U>>!EFE! XH)-R! B==4J#!:,%2!9+%! 8%&!'()')&,-,)2&!/,%2-! 3-3! (%T%-3%&!'/(! ./!
>)11,&&,)2! T+*,8,/,(%!*+!>)1,-3! "2-%(2/-,)2/.!')+(! ./!YQ&-31/-,9+%!*%&!H()8/(Q)-%&!%2!B==DR!
8%(-/,2&!8)2&,*;(%2-!9+%!./!&)+8I%!-Q'%!*%!87-#/*(+!!*%7(/,-!_-(%!./!&)+8I%!5U>>!EES!/+!.,%+!*%!./!
souche ATCC 393, qui semble plus proche de l’espèce 87-#H+*+!XG%../A.,)!+%#*,-R!<FF<!Z!G,8a&!+%#*,-R!
<FFK!Z! G%../A.,)! +%# *,-R! B==B!Z! 58%*)N[3.,@! /2*! H3(%\NC/(-,2%\R! B==EJ#! C/.A(3! -)+-R! .%! 2)1!
d’espèce 87-#/*(+!!reste aujourd’hui réservé aux deux souches types NCFB 161 (=!5U>>EFEJ!%-!
NCFB 173, et le nom d’espèce 87-#5*&*/*(+!!%@,&-%!-)+T)+(&#!H/(!8)2-(%R!./!&)+8I%!87-#&0*4"'()(!
ATCC 15820 est aujourd’hui la souche type de l’espèce 87-#H+*+!XG,8a&!+%#*,-R!<FFKJ#!!
!
!
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!@/<.$/+&A"&>./&&%1%2-!'IQ.)A323-,9+%!*%&!A%2(%&!8*/%'7*/!,,)(!%-!:+;!'/'//)(!&%.)2![%.,&!/2*!G%../A.,)!
XB==LJ#!
i()+'%&! O&';8%&!
i()+'%!87-#;+,7&)+/C!!!
87-# */+%'%',+&*"(R! 87-# */!;'50!,)(R! 87-# *46,',6%!/)(R!
87-#*46,'50!,)(R!87-#*46,'%&'50!/)(R!87-#*46,'$'&)(R!87-#/&!(5*%)(R!
87-# ;+,7&)+/C!!R! 87-#F'&"!/*,!(R! 87-# 9*,,!"*&)4R! 87-# 9*((+&!R!
87-#0*4(%+&!R!87-# 0+,$+%!/)(R!87-#!"+&(R!87-# !"%+(%!"*,!(R!87-# D+"(+"!!R!
87-# D'0"('"!!R! 87-# C*,!E+"(!(R! 87-#C+F!&*"'F*/!+"(R! 87-# C!%*(*%'"!(R!
87-#5(!%%*/!R!87-#('7&!)(R!87-#),%)"+"(!(!
i()+'%!87-#(*,!$*&!)(!
87-#*/!;!5!(/!(R!87-#*9!,!(R!87-#*,9!;)(qR!87-#*"!4*,!(R!87-#*5';+4!R!
87-#*$!*&!)(R! 87-# +G)!R! 87-# 4*,!R! 87-# 4)&!")(R! 87-# "*9+,!R!
87-#&)4!"!(R!87-#(*+&!4"+&!R!87-#(*,!$*&!)(R!87-#(*%()4+"(!(R!87-#$!"!!
i()+'%!87-#&+)%+&!!
87-# *"%&!R! 87-# /',+'0'4!"!(R! 87-# F+&4+"%)4R! 87-# F&)4+"%!R!
87-#9*(%&!/)(<# 87#!"9,)$!+!R! 87-# 4)/'(*+R! 87-# '&!(R! 87-# 5*"!(R!
87-#5'"%!(R!87-#&+)%+&!R!87-#(+/*,!50!,)(R!87-#$*9!"*,!(!
i()+'%!87-#7)/0"+&!!
87-#7)/0"+&!R!87-#;!',!$'&*"(R!87-#F*&&*9!"!(R!87-#0!,9*&;!!R!87-#C+F!&!R!
87-#5*&*7)/0"+&!R!87-#5*&*F*&&*9!"!(R!87-#5*&*C+F!&!!
/&&)8,3&!`!!
87-# */!;!F*&!"*+R! 87-# "*4)&+"(!(R! 87-# (5!/0+&!! %-! 87-# H64*+! X9+,!
0)(1%2-!+2!A()+'%!()?+&-%J!
i()+'%!87-# *,!4+"%*&!)(! W!
87-#F*&/!4!"!(!
87-# *,!4+"%*&!)(R! 87-# F*&/!4!"!(R! 87-# C!4/0!!R! 87-# 4!";+"(!(R! 87-#
"*"%+"(!(R!87-#5*&*,!4+"%*&!)(R!87-#%)//+%!R!87-#$+&(4',;+"(!(!
i()+'%!87-#/*(+!! 87-#/*(+!R!87-#5*&*/*(+!R!87-#&0*4"'()(R!87-#H+*+!
i()+'%!87-#(*C+!! 87-#/)&$*%)(R!87-#F)/0)+"(!(R!87-#9&*4!"!(R!87-#(*C+!!
i()+'%!87-#F&)/%!$'&*"(! 87-#F&)/%!$'&*"(R!87-#0'4'0!'/0!!R!87-#,!";"+&!R!87-#(*"F&*"/!(/+"(!(!
i()+'%!87-#/'&6"!F'&4!(!
87-# 7!F+&4+"%*"(R! 87-# /'&6"!F'&4!(R! 87-# &+""!"!R! '%+! &).,*%1%2-!
/&&)8,3&!/7%8!87-#/'45'(%!!
i()+'%!87-#5,*"%*&)4! 87-#5,*"%*&)4R!87-#5*&*5,*"%*&)4R!87-#5+"%'()(!
i()+'%!87-#5+&',+"(! 87-#5+&',+"(R!87-#0*&7!"+"(!(R!87-#5*&*/',,!"'!;+(!
i()+'%!87-#7&+$!(! 87-#7&+$!(R!87-#0*44+(!!R!87-#5*&*7&+$!(!
i()+'%!:+;!'/'//)(#
;+E%&+"!/)(!
:+;!'/'//)(#;+E%&+"!/)(R!87-#/'"/*$)(R!87-#',!9'F+&4+"%*"(!
:+;!'/'//)(#
XB!8.+&-%(&R!2)2!/&&)8,3&J!!
:-#/+,,!/',*R!:-#;*4"'()(R!:-#5*&$),)(R!:-#!"'5!"*%)(!
:-#*/!;!,*/%!/!R!:-#/,*)((+"!!R!:-#5+"%'(*/+)(R!:-#(%!,+(!!!
>)+'.%&!
87-# &'((!*+! –! 87-# (!,!9!"!(R! 87-# $*//!"'(%+&/)(! –! 87-# ()+7!/)(R!
87-#4*"!0'%!$'&*"(!–!87-#/',,!"'!;+(!
O&';8%&!&%+.%&!
87-# C)"C++!R! 87-# 4*,+F+&4+"%*"(R! 87-# 5*"%0+&!(R! 87-# (0*&5+*+R!
:*&*,*/%'7*/!,,)(!(+,*"9'&+"(!(!
!!!q!87-#*,9!;)(!n’e&-!'/&!-)+T)+(&!/&&)8,3!`!8%!A()+'%#!
!
Avec l’évolution de la biologie moléculaire et la faible discrimination des méthodes 
d’identification phénotypiques, la taxonomie moderne des bactéries lactiques se base désormais 
&+(! +2%! /''()8I%! ').Q'I/&,9+%R! 9+,! 8)2&,&-%! `! 8)1'.3-%(! .%&! 8/(/8-3(,&-,9+%&! 1)('I).)A,9+%&R!
?,)8I,1,9+%&!%-!'IQ&,).)A,9+%&!'/(! .%&! (3&+.-/-&!*%! -%8I2,9+%&!1).38+./,(%&! Xl.%,2! +%# *,-R!<FF4J#!
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!Plus précisément, une taxonomie précise doit passer par plusieurs méthodes d’identification, avec 
)+!&/2&!1,&%!%2!8+.-+(%#!!
G,003(%2-%&! -%8I2,9+%&! 'I32)-Q',9+%&! &)2-! +-,.,&3%&! pour l’identification *%&! ./8-)?/8,..%&#!
L’observation de la morphologie et l’évaluation des profils de fermentation des glucides font 
'/(-,%!*%&!-%8I2,9+%&!.%&!'.+&!8)22+%&!XH)-R!B==4J#!>%'%2*/2-R! l’analyse!*%&!,&)1;(%&!de l’acide 
./8-,9+%! %-! 8%..%! *%! ./! 8)1')&,-,)2! *+! '%'-,*)A.Q8/2%! *%! ./! '/(),! 8%..+./,(%! &)2-! /+&&,! +-,.,&3%&!
X[%.,&!/2*!G%../A.,)R!B==L), tout comme l’évaluation de la mobilité électrophorétique de la lactate 
*3&IQ*()A32/&%!)+!l’analyse des protéines cellul/,(%&!'/(!YGYNH5iO!XG+(.+Nr\a/Q/!+%#*,-R!B==<!Z!
s/10,(!+%#*,-R!B==K!Z!H)-R!B==4!Z!V)+.A/(,!%-!/.#R!B=<=J!)+!'/(!C5$G"NUd[!Xi+,..)-!+%#*,-R!B==E!Z!
V/2!V%%2!+%#*,-R!B=<=J!X[,A+(%!SJ#!!
$/! '.+'/(-! *%&! ,*%2-,0,8/-,)2&! ?/8-3(,%22es passent désormais par l’utilisation de techniques 
A32)-Q',9+%&#!L’hybridation ADNN5Gk!%&-!./!13-I)*%!9+,!'(3&%2-%!./!1%,..%+(%!(3&).+-,)2!*/2&!
l’identification et la classification des bactéries lactiques!et c’est la seule méthode d’identification 
7/./?.%! &%.)2! .%&! (%8)11/2*/-,)2&! *+! >)1,-3! "2-%(2/-,)2/.! ')+(! ./! YQ&-31/-,9+%! *%&!
H()8/(Q)-%&#!>%'%2*/2-R! 8%--%!13-I)*%! %&-! 8)t-%+&%! %-! .)2A+%! `!1%--(%! %2! './8%#!5+&&,! )2! .+,!
préfère couramment d’autres techniques telles que le profilage plasmidique, l’évaluat,)2! *+!
8)2-%2+!%2!?/&%&!A+/2,2%!%-!8ytosine ou l’analyse comparative des séquences d’ARNr16S/23S. 
La plupart des méthodes moléculaires ciblent le gène codant pour l’ARNr 16S. Ce gène, 
d’environ 1540 paires de bases, est composé de sé9+%28%&!8)2&%(73%&R!8)11+2%&!`!*%&!+2,-3&!*%!
taxon élevées, et des séquences variables, spécifiques d’espèces. Les séquences conservées sont 
+-,.%&!')+(! ./! 8)1'/(/,&)2!*%!?/8-3(,%&!'IQ.)A323-,9+%1%2-! 3.),A23%&! -/2*,&!9+%! .%&! &39+%28%&!
variables permettent l’identification de bactéries au niveau de l’espèce, du genre et de la famille, 
par comparaison avec des séquences présentes dans des bases de données. Lorsque l’alignement 
de séquences amplifiées donne un pourcentage d’identité inférieur à 97 %, on considère que les 
*%+@! ?/8-3(ies n’appartiennent pas à la même espèce. Il existe des amorces universelles 
permettant d’amplifier la quasiN-)-/.,-3!*%!8%!A;2%!')+(!'(%&9+%!-)+-%&!.%&!%+?/8-3(,%&#!!
>%(-/,2%&!13-I)*%&! &)2-! ?/&3%&! &+(! l’amplification d’+2%!'/(-,%! &%+.%1%2-!*%! 8%! A;2%!)+!*%! ./!
(3A,)2! ,2-%(A32,9+%!%2-(%!8%!A;2%!%-! .%!A;2%!8)*/2-!pour l’ARNr 23S. ".! %@,&-%!2)-/11%2-!*%&!
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!amorces spécifiques permettant l’amplification d’un fragment de l’ADNr16S uniquement pour 
l’espèce ou le genre ciblé(e). Les espèces 87-# 0+,$+%!/)(R!87-# ;+,7&)+/C!!! &+?&'#!;+,7&)+/C!!R# ,*/%!(# %-#
7),9*&!/)(R!87-#*/!;'50!,)(!%-!87-#/*(+!!ont pu être différenciées par cette méthode. L’amplification 
spécifique de la région intergénique a également montré son efficacité dans l’identification de 
87-#(*C+!R!87-# /)&$*%)(R!87-# 5,*"%*&)4R!87-# 5*&*5,*"%*&)4R!87-# 9&*4!"!(! %-!87-# 5+"%'()(# XH)-R! B==4!Z!
M/8I1/2!+%#*,#R!B==FJ#!$/!(3A,)2!,2-%(A32,9+%!'(3&%2-%!%2!%00%-!*%&!').Q1)('I,&1%&!*%!.)2A+%+(!
et de séquence d’une espèce à l’autre#!
$’identification ?/&3%!+2,9+%1%2-!&+(!.%!&équençage du gène codant pour l’ARNr 16S ne semble 
`!8%! T)+(!'.+&! &+00,&/11%2-! 0,/?.%!')+(! ,*%2-,0,%(! .%&!%&';8%&!*+!A%2(%!8*/%'7*/!,,)(#!>%!A;2%!2%!
permet pas de fournir une bonne résolution au niveau de l’espèce et de la sousN%&';8%#!5,2&,R!
*,003(%2-%&! %&';8%&!*%!?/8-3(,%&! ./8-,9+%&R! %-! '/(-,8+.,;(%1%2-!*%! ./8-)?/8,..%&!)2-!*%&! &39+%28%&!
-)-/.%1%2-! ,*%2-,9+%&! )+! '(%&9+%#! k)-/11%2-R! ,.! %&-! *,00,8,.%! *%! 2)-%(! *%&! *,003(%28%&!
&,A2,0,8/-,7%&! %2-(%! .%&! %&';8%&! 9+,! )2-!*,7%(A3! (38%11%2-R! -%..%&! 9+%! .%&! %&';8%&!87-# 5,*"%*&)4R!
87-#5*&*5,*"%*&)4!%-!87-#5+"%'()(R!)+!87-#/*(+!R!87-#&0*4"'()(!%-!87-#H+*+!X[%.,&!/2*!G%../A.,)R!B==LJ#!
Aussi, les valeurs de similarité d’AGk(! <KY! '%+7%2-! _-(%! +-,.,&3%&! +2,9+%1%2-! 8)11%! 8(,-;(%!
d’exclusion ou pour définir une appartenance `!+2!A()+'%!X[%.,&!/2*!G%../A.,)R!B==L!Z!H)-R!B==4J#!!
L’identification des bactéries lactiques peut /.)(&!0/,(%!/''%.!/+!&39+%2j/A%!*%!A;2%&!*%!132/A%!
-%.&!9+%!.%&!A;2%&!8)*/2-!')+(!./!&)+&N+2,-3!*%!./!'I32Q././2,2%!5Mk-!&Q2-I/&%!X50+YJ!X:%(A%(!+%#
*,-R!B==LJR!')+(!./!&)+&Nunité de l’ARN polymérase (&5'5J!Xk/&%(!+%#*,-R!B==D!Z!k/&%(!+%#*,-R!B==LJR!
')+(!./!(%8)1?,2/&%!5!X&+/5J!)+!%28)(%!')+(!./!'()-3,2%!8I/'%()2%!i()O$!X:(,2A%.!+%#*,-R!B==DJ#!
D’autres techniques peuvent être utilisées, telles que la!M[$H! X)+!').Q1)('I,&1%!*%! .)2A+%+(!
*%&! 0(/A1%2-&! *%! (%&-(,8-,)2R! 9+,! consiste à couper l’ADN génomique avec une enzyme de 
(%&-(,8-,)2!'+,&!`!&3'/(%(!.%&!0(/A1%2-&!)?-%2+&!'/(!3.%8-()'I)(;&%!&+(!A%.R!`!.%&!-(/2&03(%(!&+(!+2%!
1%1?(/2%!%-!`!.%&!IQ?(,*%(!/7%8!+2%!&)2*%!1/(9+3%!8,?./2-!'/(!%@%1'.%!.%&!(3A,)2&!8)2&%(73%&!
*%&! A;2%&! 8)*/2-! ')+(! .%&! 5Mk(! <KY! %-! BEYJ! Xi/--,! +%# *,-R! B==S!Z! H)-R! B==4JR! ./! M%'NH>M!
X/1'.,0,8/-,)2!*%!&39+%28%&!(3'3-,-,7%&!'/.,2*()1,9+%&!%-!8)1'/(/,&)2!*%!'()0,.&!*%!?/2*%&!/'(;&!
&3'/(/-,)2!'/(!3.%8-()'I)(;&%J!Xi%7%(&!+%#*,-R!B==<!Z!l)&-,2%a!+%#*,-R!B==L!Z!U/1/2A!+%#*,-R!B==4JR!)+!
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!l’ARDRA (amplification du gène codant pour l’ARNr 16S, restriction de l’amplicon, 
8)1'/(/,&)2! *%! '()0,.&! *%! (%&-(,8-,)2! /7%8! *%&! &)+8I%&! *%! (303(%28%J! X59+,./2-,! +%# *,-R! B==LJ!
X[,A+(%!SJ#!!
D’autres techniques ont pour but de différencier les souches entre elles. $/!M5HG!X/1'.,0,8/-,)2!
aléatoire d’ADN polymorphe avec plusieurs amorces courtes de séquence *%! '.+&! *%! <=!
2+8.3)-,*%&! *30,2,%! /(?,-(/,(%1%2-R! &3'/(/-,)2! *%&! 0(/A1%2-&! /1'.,0,3&! '/(! 3.%8-()'I)(;&%! '+,&!
8)1'/(/,&)2!*%!'()0,.&!spécifiques d’espècesJ!Xl.%,2!+%#*,-R!<FF4!Z!59+,./2-,!+%#*,-R!B==L!Z!l)&-,2%a!
+%#*,-R!B==L!Z!U/1/2A!+%#*,-R!B==4J!et l’5[$H!X').Q1)('I,&1%!*%!.)2A+%+(!*%&!0(/A1%2-&!/1'.,0,3&R!
9+,! 8)2&,&-%! `! 8)+'er l’ADN génomique avec une endonucléase de restriction puis à amplifier 
sélectivement des fragments, permettant d’obtenir!+2!'()0,.!*%!?/2*%&!8)1'.%@%J!0)2-!'/(-,%!*%&!
13-I)*%&!8)+(/11%2-!+-,.,&3%&!')+(!.%!-Q'/A%!X[)@1/2!+%#*,-R!B==D!Z!H)-R!B==4J#!>%'%2*/2-R! ./!
H[iO! X3.%8-()'I)(;&%! %2! 8I/1'&! '+.&3&J! (%&-%! ./! 13-I)*%! ./! '.+&! +-,.,&3%! */2&! .%! -Q'/A%!
bactérien. L’ADN est digéré par une enzyme de restriction qui /!+2%!0/,?.%!0(39+%28%!*%!8)+'+(%#!
G%!./(A%&!0(/A1%2-&!&)2-!)?-%2+&!'+,&!&3'/(3&!'/(!+2%!-%8I2,9+%!d’électrophorèse basée sur des 
,1'+.&,)2&!*%!8I/1'&!3.%8-(,9+%&!9+,!'%(1%--%2-!./!1,A(/-,)2!*%!.)2A&!0(/A1%2-&!*/2&!.%!A%.#!$%&!
'()0,.&!*%!?/2*%&!)?-%2+&R!&)+8I%N&'38,0,9+%&R!&)2-!%2&+,-%!2)(1/.,&3&!'+,&!8)1'/(3&!%2-(%!%+@#!
>%--%!-%8I2,9+%!%&-!.)2A+%!1/,&!-(;&!(%'()*+8-,?.%!X:(%22/2!+%#*,-R!B==B!Z!M)*/&!+%#*,-R!B==D!Z!H)-R!
B==4J#!
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!!
=,>+($&C"&5'%(j+!&8I31/-,9+%&*%&!*,003(%2-&!8)1')&3&!8%..+./,(%&!%-!*%&!*,003(%2-%&!-%8I2,9+%&!+-,.,&3&!')+(!
l’identification des bactéries lactiques (inspiré%!*%!V/2*/11%!+%#*,-!X<FFKJJ#!
!
D" #$%&0$(1$2-%&./7-,8+$%&
$%&! 0%(1%2-&! ./8-,9+%&! &)2-! *%&! 8+.-+(%&! '+(%&! )+! *%&! 13./2A%&! *%! ?/8-3(,%&! ./8-,9+%&!
&3.%8-,)223%&! %-! +-,.,&3%&! ')+(! ./! 0/?(,8/-,)2! *%! '()*+,-&! 0%(1%2-3&#! d2! *,&-,2A+%! .%&! 0%(1%2-&!
2/-+(%.&R!&)+7%2-!*%&!13./2A%&!*%!2)1?(%+&%&!&)+8I%&!?/8-3(,%22%&!*)2-!./!8)1')&,-,)2!%@/8-%!
%&-!,28)22+%R!*%&!0%(1%2-&!1,@-%&R!8)1')&3&!*%!8,29!)+!&,@!&)+8I%&!&),A2%+&%1%2-!&3.%8-,)223%&!
XG).%Q(%&R!B==EJ#!!
!
<# H()'(,3-3&!-%8I2).)A,9+%&!!
$%&!?/8-3(,%&!./8-,9+%&!+-,.,&3%&!8)11%!0%(1%2-&!./8-,9+%&!8)11%(8,/+@!&)2-!&3.%8-,)223%&!&%.)2!
*%&!8(,-;(%&! technologiques (vitesse d’acidification!et production d’acide lactiqueR!(3&,&-/28%!/+@!
?/8-3(,)'I/A%&J!%-!)(A/2).%'-,9+%&!X'()*+8-,)2!*%!8)1')&3&!/()1/-,9+%&R!*%!*,)@Q*%!*%!8/(?)2%!
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!et d’exopolysaccharides)! '()'(%&! `! 8I/9+%! '()*+,-! 0%(1%2-3#! D’autres critères, relatifs à .%+(!
,22)8+,-3R!&)2-!`!'(%2*(%!%2!8)1'-%!*/2&!./!&3.%8-,)2!*%&!&)+8I%&. Ainsi, la production d’amin%&!
biogènes, d’acide GN./8-,9+%! )+! ./! '(3&%28%! *%! (3&,&-/28%&! /+@! /2-,?,)-,9+%&! 37%2-+%..%1%2-!
-(/2&03(/?.%&R! '%+7%2-! (%2*(%!+2%! &)+8I%!')-%2-,%..%1%2-! */2A%(%+&%! ')+(! ./! &/2-3! I+1/,2%! %-!
*)28!,2+-,.,&/?.%! X^%&&%.&!+%#*,-R!B==SJ#!H.+&!(38%11%2-R! ./!&3.%8-,)2!*%!?/8-3(,%&! ./8-,9+%&!')+(!
.%+(&! %00%-&! &/2-3! X&)+8I%&! '()?,)-,9+%&J! )+! .%+(! '()'(,3-3&! /2-,1,8()?,%22%&! X8+.-+(%&! ?,)N
'()-%8-(,8%&J! &b%&-! *37%.)''3%! Xl2)((R! <FF4!Z!6/2&%2R! B==B!Z! :/*,&! %-! *,-R! B==S!Z! $%()Q! /2*!G%!
V+Q&-R!B==S!Z![(/28,)&,!+%#*,-R!B==FJ#!!
!
/J Hroduction d’acide lactique!
L’efficacité de! ./! 0%(1%2-/-,)2! ./8-,9+%! (%')&%! %2! A(/2*%! '/(-,%! &+(! ./! 8/'/8,-3! *%&! &)+8I%&! `!
(/',*%1%2-! /8,*,0,%(! .%! ./,-! '/(! la production d’acide lactique. C’est sur ce critère que repose 
2)-/11%2-!./!&3.%8-,)2!*%&!0%(1%2-&!d’acidification#!Dans le yaourt, la quantité d’acide lactique 
.,?(%! *),-! _-(%! &+'3(,%+(%! )+! 3A/.%! `! =R4! o! /+! 1)1%2-! *%! ./! 7%2-%! X6%(1,%(! +%# *,-R! <FFBJ#!
L’abaissement du pH lié à la production d’acide lactique!/+!8)+(&!*%!./!0%(1%2-/-,)2!8I/2A%!./!
-%@-+(%! %-! .%&! '()'(,3-3&! )(A/2).%'-,9+%&! *+! '()*+,-#!5!partir d’un pH inférieur ou égal à 4,6, 
.)(&9+%! .%! '),2-! ,&)3.%8-(,9+%! *%! ./! 8/&3,2%! %&-! /--%,2-R! .%&! 1,8%..%&! *%! 8/&3,2%! '(38,',-%2-! %-!
%2-(/h2%2-! .%&!A.)?+.%&! .,',*,9+%&#!>%!'I32)1;2%!%&-!(%&')2&/?.%!*%!./!0)(1/-,)2!*+!8/,..3!*/2&!
.%&! 0()1/A%&R! .%&! ./,-&! 0%(1%2-3&! %-! .%&! Q/)+(-&! X$+8%QR! B==SJ#! L’a8,*%! ./8-,9+%! ,2-%(7,%2-!
3A/.%1%2-! sur le goût des produits, de façon directe, ou par l’interméd,/,(%! *%! (3/8-,)2&!
%2\Q1/-,9+%&! XYp,2*%..!+%#*,-R!<FFK!Z!>)..,2&!+%#*,-R!B==E!Z!U+2AT/()%28I/,!+%#*,-R!B==SJ#!$b/8,*,-3!
*%&!'()*+,-&!./,-,%(&!0%(1%2-3&!'%(1%-!*’augmenter .%+(!*+(3%!*%!7,%R!9+,!'/&&%!*%!9+%.9+%&!T)+(&!
')+(! +2! ./,-! '/&-%+(,&3R! `! S! &%1/,2%&! ')+(! +2! Q/)+(-#! $/! *,1,2+-,)2! *+! ')-%2-,%.!
d’oxydoréductionR!liée à l’activité métabolique des bactéries lactiquesR!%&-!+2%!8)2*,-,)2!0/7)(/?.%!
/+!*37%.)''%1%2-!*%!./!0.)(%!/2/3()?,%!8)1')(-/2-!+2!A(/2*!2)1?(%!*%!&)+8I%&!,1'.,9+3%&!*/2&!
l’affinage d%&!0()1/A%&#!!
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!?J H()*+8-,)2!*%!8)1')&3&!/()1/-,9+%&!
$/!0)(1/-,)2!*%&!/(]1%&!%&-!+2!/+-(%!8(,-;(%!*%!8I),@!*/2&!./!&3.%8-,)2!*%&!&)+8I%&!%-!2)-/11%2-!
*%&! 0%(1%2-&! d’affinaA%! *%&! 0()1/A%&! )+! *%&! 0%(1%2-&! d’acidification! *%&! Q/)+(-&! %-! *%&! ./,-&!
0%(1%2-3&#!$/!A.Q8).Q&%R!.%!13-/?).,&1%!*+!8,-(/-%R!./!'()-3).Q&%!%-!./!.Q').Q&%!&)2-!.%&!'(,28,'/.%&!
7),%&!13-/?).,9+%&!,1'.,9+3%&!*/2&!./!0)(1/-,)2!*%&!8)1')&3&!/()1/-,9+%&!XP7)2!/2*!M,T2%2R!
B==<!Z! Y1,-! +%# *,-R! B==D!Z!5(*)R! B==KJ#! $/! A.Q8).Q&%! '%(1%-! ./! 8)27%(&,)2! *+! ./8-)&%! %2! ./8-/-%!
X[,A+(%! BJ! %-! .%! 13-/?).,&1%! *+! 8,-(/-%! '%(1%-! ./! 0)(1/-,)2! *%! *,/83-Q.%R! /83-)e2%! %-! /8,*%!
acétique par l’intermédiaire du pyruvate XY1,-!+%#*,-R!B==DJ!X[,A+(%!DJ#!U)+-%&!.%&!&)+8I%&!2%!&)2-!
'/&!8,-(/-%N')&,-,7%&#!>%--%!/8-,7,-3!(3&+.-%!%2!%00%-!*%!./!'(3&%28%!*%!A;2%&!*%!-(/2&')(-!*+!8,-(/-%R!
-%.!9+%!.%!A;2%!8)*/2-!./!8,-(/-%!'%(13/&%R!%-!*%!A;2%&!*+!13-/?).,&1%!*+!8,-(/-%R!9+,!&)2-!'/(0),&!
')(-3&!'/(!+2!'./&1,*%R!8)11%!8I%\!?+!((+,,*#5*&*4+(+"%+&'!;+(. Chez d’autres espèces, telles que 
8%..%&!/''/(-%2/2-!/+!A%2(%!8*/%'/'//)(R!&%+.&!.%&!A;2%&!*%!-(/2&')(-!&)2-!')(-3&!'/(!+2!'./&1,*%R!
8%+@! *+! 13-/?).,&1%! &)2-! .)8/.,&3&! &+(! .%! 8I()1)&)1%#! >I%\! 8+)/'"'(%'/!4+(+"%+&'!;+(! &+?&'#!
/&+4'&!(R! 8%&! *%+@! 0)28-,)2&! &)2-! ')(-3%&! '/(! .%! 8I()1)&)1%R! 8%! 9+,! .+,! 8)20;(%! +2! 'I32)-Q'%!
8,-(/-%! &-/?.%! XC8Yp%%2%Q!/2*![)@R! B==S!Z!:%a/.! +%# *,-R! B==FJ#!$/!'()-3).Q&%!*%! ./! 8/&3,2%R! 9+,!
8)2&-,-+%! 4=! o! *%&! '()-3,2%&! */2&! .%! ./,-! *%! 7/8I%! X$+8%QR! B==SJR! '+,&! ./! 13-/?).,&/-,)2! *%&!
'%'-,*%&!%-!*%&!/8,*%&!/1,23&R!conduit à la formation d’alcools, *b/.*3IQ*%&R!*b/8,*%&R!*b%&-%(&!%-!
*%! 8)1')&3&! &+.0+(3&#! $%&! ?/8-3(,%&! ./8-,9+%&! ,2-%(7,%22%2-! '%+! */2&! .%&! (3/8-,)2&! *%! .,').Q&%R!
'.+-]-!.,3%s à l’activité des .%7+(%&!%-!*%&!1),&,&&+(%&!XY1,-!%-!*,-R!B==DJ#!Cependant, l’utilisation 
*%!8%--%!7),%!13-/?).,9+%!'/(!.%&!?/8-3(,%&!./8-,9+%&!8)2*+,-!`!./!0)(1/-,)2!d’acides gras à chaîne 
8)+(-%R!'(38+(&%+(&!*%!13-IQ.N83-)2%R!*%!-I,)N%&-%(&R!*%!./8-)2%&!%-!*b/.8)).&!&%8)2*/,(%&!X>)..,2&!
+%#*,-R!B==E!Z!U+2AT/()%28I/,!+%#*,-R!B==S!Z!Y1,-!+%#*,-R!B==DJ#!Même si d’autres voies peuvent être 
1,&%&! %2! T%+R! ./! A(/2*%! '/(-,%! *%&! 8)1')&3&! /()1/-,9+%&! '()*+,-&! '/(! .%&! ?/8-3(,%&! ./8-,9+%&!
*3(,7%!*+!8/-/?).,&1%!*%&!/8,*%&!/1,23&!X'(,28,'/.%1%2-!*%!./!13-I,)2,2%R!*%!./!'I32Q././2,2%R!
*%!./!-I(3)2,2%!%-!*%&!/8,*%&!/1,23&!`!8I/h2%!(/1,0,3%J!)?-%2+&!1/T)(,-/,(%1%2-!'/(!./!'()-3).Q&%!
*%!./!8/&3,2%#!
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!!
=,>+($& E"&H(,28,'/.%&! 3-/'%&! *+!13-/?).,&1%! *+! 8,-(/-%! 8I%\! .%&! ?/8-3(,%&! ./8-,9+%&! 8,-(/-%N')&,-,7%&!
Xd’après!C)22%-! +%# *,-! XB==4JJ#!$%&!%2\Q1%&! ,1'.,9+3%&! &)2-! ,2*,9+3%&!%2! ()+A%#!<R!*38/(?)@Q./-,)2!
8I,1,9+%!)@Q*/-,7%!Z!BR!*38/(?)@Q./-,)2!8I,1,9+%!2)2!)@Q*/-,7%#&
&
!
G%! 2)1?(%+&%&! %2\Q1%&! &)2-! 1,&%&! %2! T%+! */2&! .%&! *,7%(&%&! (3/8-,)2&! ,1'.,9+3%&! */2&! ./!
0)(1/-,)2!*%&! /(]1%&! XY1,-! +%# *,-R! B==DJ#!d(R! $%! 8)2-%2+! %2\Q1/-,9+%! 7/(,%! 8)2&,*3(/?.%1%2-!
d’une souche à l’autre, par conséquent, la production de composés aromatiques est un caractère 
&)+8I%N*3'%2*/2-!X51'+%()!/2*!:)&&%-R!B==EJ#!5,2&,R! ./!7/(,/-,)2!*+!8)2-%2+!%2\Q1/-,9+%!*%!
8I/9+%! &)+8I%!'%+-!/7),(!*%!A(/2*%&!8)2&39+%28%&! &+(! .%&!9+/.,-3&! &%2&)(,%..%&!*+!'()*+,-#!$%&!
&)+8I%&! /T)+-3%&! /+! '()*+,-! &)2-! *)28! 8I),&,%&! *%! 0/j)2! '%(-,2%2-%! %2! 0)28-,)2! *%&! 8)1')&3&!
/()1/-,9+%&!qu’elle&!&)2-!8/'/?.%&!*%!&Q2-I3-,&%(#!!
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!8J H()*+8-,)2!d’exopolysaccharides!
$/! -%@-+(%! *%&! '()*+,-&! ./,-,%(&! 0%(1%2-3&! '%+-! 3A/.%1%2-! _-(%! 1)*,0,3%! '/(! ./! '()*+8-,)2!
d’exopolysaccharides! XOHYJ#! Il s’agit de polysaccharides '()*+,-&! $!*! .%&! &+?&-(/-&! 8/(?)23&! %-!
%@8(3-3&!*/2&!.%!1,.,%+!'/(! ./!8%..+.%!?/8-3(,%22%#!$%&!OHY!'(3&%2-%2-!*%!2)1?(%+&%&!0)28-,)2&R!
1/,&! ,.&! &)2-! A323(/.%1%2-! +-,.,&3&! %2! ,2*+&-(,%! /A()/.,1%2-/,(%! ')+(! .%+(&! '()'(,3-3&!
3'/,&&,&&/2-%&! %-! A3.,0,/2-%&#! ".&! /+A1%2-%2-! %2! %00%-! ./! 7,&8)&,-3!*+! ./,-R! ./! 0%(1%-3!*%&! '()*+,-&!
0%(1%2-3&R! ,.&! *,1,2+%2-! ./! &Q23(;&%! %-! ,.&! '%+7%2-! 8)2*+,(%! `! +2%!1%,..%+(%! '%(8%'-,)2! *%! ./!
0./7%+(!%2!?)+8I%#!".!%@,&-%!+2%!A(/2*%!*,7%(&,-3!*%!8)1')&,-,)2&!%-!*%!&-(+8-+(%&!'/(1,!.%&!OHY!%-!
.%+(! '()*+8-,)2! *,00;(%! &%.)2! .%&! &)+8I%&! *%! ?/8-3(,%&! ./8-,9+%&! XG%!V+Q&-! /2*!G%A%%&-R! <FFF!Z!
$/H),2-%R!B==FJ#!!
!
*J M3&,&-/28%&!/+@!?/8-3(,)'I/A%&!!
$%&! 'I/A%&! *%! ?/8-3(,%&! ./8-,9+%&! &)2-! 2/-+(%..%1%2-! '(3&%2-&! */2&! .%! ./,-! 8(+! %-! */2&!
l’environnement laitier. Ils résistent à la pasteurisation et pe+7%2-! *)28! ,20%8-%(! .%&! ?/8-3(,%&!
lactiques et mener à leur destruction, entraînant un arrêt ou un retard de l’acidification. Leur 
'(3&%28%! '%+-! *)28! _-(%! (%&')2&/?.%! *%! &3(,%+&%&! '%(-%&! 38)2)1,9+%&! %2! ,2*+&-(,%! ./,-,;(%#! G%!
2)1?(%+&%&! %&';8%&! 8,?./2-! 2)-/11%2-! .%&! ./8-)8)9+%&! %-! =%&+5%'/'//)(# (*,!$*&!)(# &+?&'##
%0+&4'50!,)(! X=-# %0+&4'50!,)(J! sont connues et ne cessent d’émerger. ".! %&-! *)28! '(303(/?.%! *%!
'(37%2,(! .%&! ,20%8-,)2&! '.+-]-! 9+%! *%! .%&! -(/,-%(, et cela passe entre autres par l’utilisation de 
0%(1%2-&! (3&,&-/2-&#! 5,2&,R! )2! &3.%8-,)22%! '(303(%2-,%..%1%2-! *%&! &)+8I%&! 2/-+(%..%1%2-!
(3&,&-/2-%&#!>I%\!.%&!./8-)8)9+%&R!./!(3&,&-/28%!%&-!&)+7%2-!')(-3%!'/(!+2!'./&1,*%R!%-!'.+&!*%!S=!
&)2-! /8-+%..%1%2-! 8)22+&#! H/(0),&! 8%'%2*/2-R! .%&! (3&,&-/28%&! '%+7%2-! _-(%! ')(-3%&! '/(! .%!
chromosome. Lorsqu’une souche d’intérêt est sensible, il y a possibilité de lui conférer la 
résistance par introduction d’un plasmide. Quatre types de phénotype d’insensibilité sont reportés 
(inhibition de l’adsorption, blocage de la pénétration de l’ADN, restriction/modification et 
,20%8-,)2! /?)(-,7%J! %-! '/(0),&! +2! &%+.! './&1,*%! '%+-! ')(-%(! '.+&,%+(&! *%! 8%&! 138/2,&1%&#!
Cependant, l’introduction d’un plasmide est une méthode plutôt contraignante dans la mesure où 
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!%..%!'%+-! /?)+-,(! `! ./!'%(-%!d’autres plasmides d’intérêt technologique, et qu’elle est légalement 
'.+&!*,00,8,.%!`!1%--(%!%2!'./8%!XG/.Q!+%#*,-R!<FFK!Z!C),2%/+R!<FFF!Z!i/(2%/+!/2*!C),2%/+R!B=<<J#!
".!%&-!*)28!-)+T)+(&!'(303(/?.%!*%!&3.%8-,)22%(!*%&!&)+8I%&!2/-+(%..%1%2-!(3&,&-/2-%&#!!
!
B# "22)8+,-3!
G%!'/(! .%+(!+-,.,&/-,)2!1,..32/,(%! %2!/.,1%2-/-,)2!I+1/,2%R! XV),(!'/(-,%! "#!$%&!'()*+,-&! ./,-,%(&!
0%(1%2-3&R!'/A%!<BJ!.%&!?/8-3(,%&!./8-,9+%&!&)2-!A323(/.%1%2-!8)2&,*3(3%&!8)11%!2)2!'/-I)A;2%&#!
5+@! u-/-&Ng2,&R! ?%/+8)+'! ')&&;*%2-! .%! 9+/.,0,8/-,0! iM5Y! Xi%2%(/..Q! M%8)A2,\%*! /&! Y/0%!
XG()+/+.-!/2*!>)(-I,%(R!B==<JR!%-!.%!&-/-+-!vHY!Xv+/.,0,%*!H(%&+1'-,)2!)0!Y/0%-Q!)+!'(3&)1'-,)2!
*%! &38+(,-3! 9+/.,0,3%J! %2! O+()'%! XO[Y5R! B==F!Z! $%+&8I2%(! +%# *,-R! B=<=J! XU/?.%/+!EJ#! Y%.)2! .%!
&Q&-;1%! vHYR! -)+-%! 2)+7%..%! &)+8he introduite dans l’alimentation! doit faire l’objet d’une 
37/.+/-,)2! 9+,! (%')&%! &+(! 9+/-(%! 8(,-;(%&!n! +2%! ,*%2-,0,8/-,)2! '(38,&%! *%! ./! &)+8I%R! +2! 3-/-! *%&!
8)22/,&&/28%&R!.%!type d’application %27,&/A3!X1/-(,8%J!%-!la preuve de l’,22)8+,-3W'/-I)A32,8,-3#!
>%!&Q&tème utilisé par l’EFSA ')+(!l’alimentation animale X^%&&%.&!+%!*,-R!B==SJ!(%&-%!+2!'),2-!*%!
repère pour l’utilisation des bactéries lactiques en alimentation humaine.!
:,%2!9+%!./!-(;&!A(/2*%!1/T)(,-3!*%&!&)+8I%&!2%!'(3&%2-%!'/&!*%!'()?.;1%!*%!&38+(,-3!&/2,-/,(%R!)2!
-()+7%! 8%'%2*/2-! 9+%.9+%&! '/-I)A;2%&! )'')(-+2,&-%&! '/(1,! .%&! ?/8-3(,%&! ./8-,9+%&! +-,.,&3%&! %2!
agroalimentaire. Il s’agit pour la plupart d’espèces du genre ."%+&'/'//)(! X.-# F*+/*,!(<# .-# F*+/!)4<#
.-#;)&*"(J!%-!8*/%'7*/!,,)(-#$a présence d’en-3()8)9+%&R!'(,28,'/.%1%2-!/&&)8,3&!/+!-(/8-+&!*,A%&-,0!
des animaux et retrouvés dans les fèces, mais souvent présents dans l’environnement (air, sol, 
1/-3(,%.!*%! -(/,-%JR!%&-!+2! ,2*,8/-%+(!*%!1/+7/,&%&!'(/-,9+%&!d’hygiène. Ce sont des pathogènes 
)'')(-+2,&-%&! 2)&)8)1,/+@! I+1/,2&! 31%(A%/2-&! ,1'.,9+3&! %2-(%! /+-(%&! */2&! *%&! ?/8-3(,31,%&R!
*%&!%2*)8/(*,-%&!%-!*%&!,20%8-,)2&!*+!&Q&-;1%!+(,2/,(%!%-!*+!&Q&-;1%!2%(7%+@!8%2-(/.!X5A+,((%!/2*!
>)..,2&R!<FFE!Z![(/2\!+%#*,-R!<FFF!Z!:%(%&0)(*!/2*!^,..,/1&R!B==SJ#!>%!A%2(%!%&-!3A/.%1%2-!8)22+!
pour sa capacité à transférer des gènes de résistance aux antibiotiques à d’autres souches de la 
même espèce ou d’espèces différentes ([(/2\!+%#*,-R!<FFFJ#!.-#F*+/*,!(<!.-#F*+/!)4!%-!.-#;)&*"(!&)2-!
.%&! %&';8%&! .%&! '.+&! 8)+(/11%2-! ,&).3%&! */2&! .%! 0()1/A%R! %..%&! '%+7%2-! Q! /--%,2*(%! <=D! `! <=L!
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!g[>WA!X5A+,((%!/2*!>)..,2&R!<FFE!Z!G+(.+Nr\a/Q/!+%#*,-R!B==<!Z!:%(%&0)(*!/2*!^,..,/1&R!B==SJ#!
>%(-/,2%&! &)+8I%&! /''/(-%2/2-! `! *,7%(&%&! %&';8%&! *%! 8*/%'7*/!,,)(!K# 87-! /*(+!R! 87-# 5,*"%*&)4R!
87-#&0*4"'()(! %-! 87-# */!;'50!,)(R! )2-! 3-3! (%-()+73%&! */2&! *%! (/(%&! 8/&! *%! ?/8-3(,31,%&! %-!
*b%2*)8/(*,-%&! 8I%\! *%&! '/-,%2-&! ,11+2)*3'(,13&! X5A+,((%! /2*! >)..,2&R! <FFE!Z! G()+/+.-! /2*!
>)(-I,%(R! B==<!Z! :%(2/(*%/+! +%# *,-R! B==K!Z! :%(2/(*%/+! +%# *,-R! B==4J#! H/(! 8)2-(%R! /+8+2! 8/&! *%!
bactériémie causée par la consommation de ferments laitiers n’a été détecté jusqu’à présent 
X^%&&%.&! +%# *,-R! B==SJ#! =-#%0+&4'50!,)(! %&-! ./! &%+.%! %&';8%! *+! A%2(%! =%&+5%'/'//)(! +-,.,&3%! 8)11%!
ferment en alimentation humaine et c’est également la seule *%! 8%! A%2(%! 9+,! 0,A+(%! &+(! ./! .,&-%!
vHY#!O2!%00%-R!8%!A%2(%!8)1'(%2*!*%!2)1?(%+&%&!%&';8%&!'/-I)A;2%&! X=-#*9*,*/%!*+<#=-#56'9+"+(R!
etc.). D’autres espèces de =%&+5%'/'//)(! X=-# 7'$!(R! =-# 9'&;'"!!R! =-# 0*"(+"!!R! =-# !"%+&4+;!)(R!
=-#4*/+;'"!/)(J! &)2-! (%-()+73%&! */2&! *%&! 0()1/A%&! /+! ./,-! 8(+! Xc/1%-R! B==FJR! %-! &,! ./! '.+'/(-! 2%!
semblent pas présenter d’historique de pathogénicité (C/(/Aa)+*/a,&! +%# *,-R!B==FJR! 8%(-/,2%&!/+!
8)2-(/,(%R! -%..%&! 9+%! =-# 7'$!(! %-! =#!!"%+&4+;!)(R! )2-! 3-3! ,1'.,9+3%&! */2&! *%&! %2*)8/(*,-%&R! *%&!
?/8-3(,31,%&!%-W)+!*%&!/?8;&!XU(/2!+%!*,-R!B==4!Z!6%((%(/!+%#*,-R!B==FJ#!
!
@/<.$/+&B"&Bactéries lactiques recommandées pour l’obtention du statut QPS (O[Y5R!B==FJ#&
O&';8%&/!
8*/%'7*/!,,)(#*/!;'50!,)(<#87#*46,',6%!/)(<#87#*46,'$'&)(<#87#*,!4+"%*&!)(<#87#*$!*&!+(<#87#7&+$!(<#
87-#7)/0"+&!<#87-#/*(+!7<#87-#/+,,'7!'()(<#87-#/'&6"!F'&4!(<#87-#/&!(5*%)(<#87-#/)&$*%)(<#87-#;+,7&)+/C!!<#
87-# F*&/!4!"!(<# 87-# F+&4+"%)4<# 87-# 9*,,!"*&)4<# 87-# 9*((+&!<# 87-# 0+,$+%!/)(<# 87-# 0!,9*&;!!<#
87-#D'0"('"!!<#87-#C+F!&*"'F*/!+"(<#87-#C+F!&!<#87-#4)/'(*+<#87-#5*"!(<#87-#/',,!"'!;+(<#87-#5*&*/*(+!<#
87-#5*&*5,*"%*&)4<#87-#5+"%'()(<#87-#5,*"%*&)4<#87-#5'"%!(<#87-#&+)%+&!<#87-#&0*4"'()(<#87-#(*C+!<#
87-#(*,!$*&!)(<#87-#(*"F&*"/!(/+"(!(!
8*/%'/'//)(#,*/%!(!
8+)/'"'(%'/#/!%&+)4<#8+)/-#,*/%!(<#8+)/-#4+(+"%+&'!;+(!
>+"'/'//)(#'+"!!
:+;!'/'//)(#*/!;!,*/%!/!<#:-#;+E%&!"!/)(<#:-#5+"%'(*/+)(!
=%&+5%'/'//)(#%0+&4'50!,)(!
/!$%&!&)+8I%&!2%!*),7%2-!'/&!'(3&%2-%(!*%!A;2%&!*%!(3&,&-/28%!/+@!/2-,?,)-,9+%&!+-,.,&3&!*/2&!.%!*)1/,2%!8.,2,9+%#!
?!L’espèce 8*/%'7*/!,,)(#H+*+!a été incluse dans l’espèce 8*/%'7*/!,,)(#/*(+!-!
!
31
!/J 51,2%&!?,)A;2%&!
$/! &3.%8-,)2! *%&! &)+8I%&! &%! 0/,-! /+&&,! &+(! *’autres critères restrictifs, dont leur capacité de 
production d’amines biogènes X-Q(/1,2%!%-!I,&-/1,2%!%2!'/(-,8+.,%(J#!O..%!%&-!(%.,3%!`!./!'(3&%28%R!
*/2&! 8%(-/,2%&! &)+8I%&R! d’aminoacide décarboxylases qui s’exprime2-! &+(-)+-! .)(&! *%! .)2A&!
processus de fermentation, par exemple pendant l’affinage des fromages! X>I/1?/!/2*! "(.,2A%(R!
B==S!Z!:%(2/(*%/+!+%#*,-R!B==KJ#!$%&!/1,2%&!?,)A;2%&!'%+7%2-!_-(%!*/2A%(%+&%&!')+(!./!&/2-3!*%&!
8)2&)11/-%+(&#!O..%&!'%+7%2-R!'/(!%@%1'.%R!/00%8-%(!.%!&Q&-;1%!2%(7%+@!)+!.%!&Q&-;1%!7/&8+./,(%!
XYI/./?QR!<FFKJ!)+!'()7)9+%(!*%&!/..%(A,%&!%-!*%&!(3/8-,)2&!,20./11/-),(%&!Xi/(*,2,!+%!*,-R!B==BJ#!
Le premier cas d’intoxication due aux amines biogènes dans le fromage a été reporté en 1967 aux 
H/Q&N:/&! &+,-%! `! ./! 8)2&)11/-,)2! *%! i)+*/! XY/2-)&R! <FFK). D’autres! 8/&! *%! 8%! -Q'%! )2-! 3-3!
(%8%2&3&! &+,-%! `! ./! 8)2&)11/-,)2! *%! 0()1/A%! Y+,&&%! */2&! .%&9+%.&! 87-# 7)/0"+&!! 3-/,-! ,1'.,9+3!
X>I/1?/! /2*! "(.,2A%(R! B==SJ#!C/,&! 8%8,! (%&-%! +2! 8/&! '/(-,8+.,%(!n!87-# F+&4+"%)4! %-!87-# 7)/0"+&!R!
+-,.,&3&! 8)11%! 8+.-+(%&! 8)11%(8,/.%&! */2&! l’EmmentalR! '()*+,&%2-! 1),2&! *%! <=! 1A!
d’histamineWaA! %-! 1),2&! *%! D=! 1A! *%! -Q(/1,2%WaA! X>I/1?/! /2*! "(.,2A%(R! B==SJ#! G%! 1_1%R!
*,7%(&%&!/1,2%&!?,)A;2%&!-%..%&!9+%!./!'+-(%&8,2%!%-!./!8/*/73(,2%!)2-!'+!_-(%!*3-%8-3%&!*/2&!*%&!
0()1/A%&! /00,23&R! 1/,&! `! *%&! 8)28%2-(/-,)2&! -()'! 0/,?.%&! ')+(! '(3&%2-%(! +2! (,&9+%! &/2,-/,(%!
Xk)7%../NM)*(,A+%\!+%#*,-R!B===J#!
!
?J 58,*%!GN./8-,9+%!
L’isomère D de l’acide lactique peut provoquer des acidoses!car cette forme n’est pas hydrolysée 
'/(!./!./8-/-%!*3&IQ*()A32/&%!I+1/,2%!XO’Brien +%#*,-R!<FFF!Z!6).\/'0%.R!B==B!Z!$%()Q!+%#*,-R!B==KJ#!
$’organisation mondiale de la santé!(%8)11/2*%!+2!/'')(-!9+)-,*,%2!1/@,1/.!*%!<==!1AWaA!*%!
8%-! ,&)1;(%! X6).\/'0%.R! B==B). La production d’acide DNlactique étant spécifique d’espèces, sa 
'(3&%28%!'%+-!_-(%!.,1,-3%!'/(!./!&3.%8-,)2!*%!&)+8I%&!/''/(-%2/2-!`!*%&!%&';8%&!'%+!'()*+8-(,8%&!
X6).\/'0%.R!B==BJ#! 
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!8J M3&,&-/28%&!/+@!/2-,?,)-,9+%&!
G%!2)1?(%+&%&!&)+8I%&!?/8-3(,%22%&!1+.-,(3&,&-/2-%&!/+@!/2-,?,)-,9+%&!)2-!31%(A3!/+!8)+(&!*%&!
*%(2,;(%&! *38%22,%&! &+,-%! `! .’utilisation excessive d’antibiotique&! %2! 13*%8,2%! I+1/,2%! %-!
73-3(,2/,(%!ainsi qu’%2!/A(,8+.-+(%! XUI(%.0/..! +%# *,-R! B===!Z!$%7Q!/2*!C/(&I/..!R! B==S!Z!5/(%&-(+'!
B==D!Z!U))1%Q!+%#*,-R!B=<=J#!$%&!?/8-3(,%&! ./8-,9+%&!'%+7%2-!')(-%(!*%&!A;2%&!*%! (3&,&-/28%& /+@!
/2-,?,)-,9+%&!X511)(!+%#*,-R!B==LJ#!>%+@N8,!2%!')&%2-!'/&!*%!'()?.;1%!%2!&),!'+,&9+%!.%&!?/8-3(,%&!
lactiques retrouvées dans l’alimentation ne sont pas! '/-I)A;2%&#! k3/21),2&R! %..%&! '%+7%2-!
-(/2&1%--(%!.%+(&!A;2%&!*%!(3&,&-/28%&!`!*%&!?/8-3(,%&!,2-%&-,2/.%&!-%..%&!9+%!.%&!1*/%+&'!;+(!)+!`!*%&!
bactéries pathogènes d’origine alimentaire. En effe-R!.%!-(/2&0%(-!*%!A;2%&!*%!(3&,&-/28%!%&-!')&&,?.%!
`! -(/7%(&! ./!8I/h2%!/.,1%2-/,(%R!et l’intestin humain peut être un excellent réservoir de gènes de 
(3&,&-/28%! XU%+?%(! +%# *,-R! <FFF!Z! Y/.Q%(&! +%# *,-R! B==S!Z!C/-I+(! /2*! Y,2AIR! B==D!Z! l/&-2%(! +%# *,-R!
B==K!Z! U))1%Q! +%# *,-R! B=<=J#! $%! */2A%(! %&-! *)28! .,3! /+@! (3&,&-/28%&! /89+,&%&R! ')(-3%&! '/(! *%&!
3.31%2-&!A323-,9+%&!1)?,.%&R!-%.&!9+%!.%&!'./&1,*%&!)+!.%&!-(/2&')&)2&R!%-!')+7/2-!_-(%!-(/2&03(3%&!
à d’autres souches majoritairement par conjugaison intra ou interN%&';8%R!1/,&! 3A/.%1%2-! '/(!
-(/2&0)(1/-,)2!)+!'/(!-(/2&*+8-,)2!XV/2!M%%2%2!/2*!G,8a&R!B=<<J#!i323(/.%1%2-R!9+/2*!-)+-%&!
les souches d’un même groupe taxonomique sont résistantes à un antibiotique donné, on 
considère qu’il s’agit d’une résistance intrinsèque au! A()+'%! -/@)2)1,9+%#! 5+! 8)2-(/,(%R!
lorsqu’une souche porte une résistance qui n’est pas retrouvée chez les autres souches d’un même 
groupe taxonomique, on a tendance à considérer qu’il s’agit d’une résistance acquise ([OOG5HR!
B==4J#! G%&! &%+,.&! 3',*31,).)A,9+%&! *%! 8)28%2-(/-,)2!1,2,1/.%! ,2I,?,-(,8%! X>C"J! '%(1%--%2-! *#
5&!'&!! *%! *,&-,2A+%(! *%&! (3&,&-/28%&! /89+,&%&! %-! ')-%2-,%..%1%2-! -(/2&03(/?.%&! *%&! (3&,&-/28%&!
,2-(,2&;9+%&! XV/2a%(8aI)7%2! +%# *,-R! B==4J#! Y,! .%&! A;2%&! 8)203(/2-! .%&! (3&,&-/28%&! 2% &)2-! '/&!
/&&)8iés à des éléments génétiques mobiles, le risque de transfert à d’autres organismes est 
8)2&,*3(3! 8)11%! 1,2,1/.#! 5,2&,R! +2%! (3&,&-/28%! /89+,&%! '/(! 1+-/-,)2! 8I()1)&)1,9+%! %&-!
beaucoup moins problématique qu’une résistance portée par un élément mobile et qui!'%+-!/.)(&!
_-(%!-(/2&03(3%!`!+2!/+-(%!1,8())(A/2,&1%!X[OOG5HR!B==4!Z!V/2!M%%2%2!/2*!G,8a&R!B=<<J#!".!%&-!
*)28!%&&%2-,%.!*%!73(,0,%(!./!'(3&%28%!*%!A;2%&!*%!(3&,&-/28%&!')-%2-,%..%1%2-!-(/2&03(/?.%&!.)(&!*%!
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!la sélection de souches afin d’éviter de propager!8%&!(3&,&-/28%&!`!*%&!&)+8I%&!'.+&!'()?.31/-,9+%&!
X^%&&%.&!+%#*,-R!B==S!Z!V/2a%(8aI)7%2!+%#*,-R!B==4J!X[,A+(%!KJ#!
!
!
=,>+($& F"& Schéma proposé pour l’évaluation de la résistance antimicrobienne d’une souche bactérienne 
utilisée dans l’alimentation (d’après![OOG5H!XB==4JJ#&
!
Seule une méthode de référence provisoire permet d’évaluer les résistances aux antibiotiques des 
bactéries lactiques autres que les entérocoques, car il n’existe pas de méthodes standard&R!2,!*%!
&%+,.&! 3',*31,).)A,9+%&! 8./,(%1%2-! *30,2,&! XV/2a%(8aI)7%2! +%# *,-R! B==4J#! >%'%2*/2-R! 8%(-/,2%&!
*)223%&!*%!./!.,--3(/-+(%!&%1?.%2-!,2*,9+%(!9+%!.%&!A%2(%&!8*/%'7*/!,,)(R!:+;!'/'//)(R!8+)/'"'(%'/!%-!
=%&+5%'/'//)(!sont sensibles à la pénicilline G, à l’ampicilline, à la tétracycline, à l’érythromycine %-!
/+! 8I.)(/1'I32,8).! XG/2,%.&%2! /2*!^,2*R! B==E!Z!6+11%.! +%# *,-R! B==LJ#!C/,&! *%&! -(/2&')&)2&!
conjugatifs ou plasmides portant des gènes de résistance à la tétracycline, à l’érythromycine, au 
8I.)(/1'I32,8).!%-!`!./!a/2/1Q8,2%!&)2-!-(;&!(3'/2*+&!8I%\!.%&!?/8-3(,%&!./8-,9+%&!Xs/(/\/A/!+%#
*,-R! <FFF!Z! V/2! M%%2%2! /2*! G,8a&R! B=<<J#! 5+! 8)2-(/,(%R! 8%(-/,2%&! ?/8-3(,%&! ./8-,9+%&R! %-!
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!2)-/11%2-! *+! A%2(%! 8*/%'7*/!,,)(R! ')(-%2-! *%&! (3&,&-/28%&! ,2-(,2&;9+%&! 8)22+%&! /+@!
/1,2)A.Q8)&,*%&! X2)-/11%2-! `! ./! A%2-/1,8,2%R! `! ./! a/2/1Q8,2%! %-! `! ./! &-(%'-)1Q8,2%JR! /+@!
9+,2).)2%&! X8,'()0.)@/8,2%J! %-! /+@! A.Q8)'%'-,*%&! X7/28)1Q8,2%J! 1/,&! 3A/.%1%2-! /+! 13./2A%!
-(,1%-I)'(,1W&+.0/1%-I)@/\).! X&+.0)2/1,*%J! %-! `! ./! ').Q1,@,2%! :! X').Q'%'-,*%J! X>5NY[CR!
B=<=!Z! U))1%Q! +%# *,-R! B=<=!Z! V/2! M%%2%2! /2*! G,8a&R! B=<<J#! G%&! -/+@! 3.%73&! *%! 1+-/-,)2&!
&')2-/23%&!8)203(/2-!*%&!(3&,&-/28%&!`!./!a/2/1Q8,2%!%-!`!./!&-(%'-)1Q8,2%!)2-!'+!_-(%!)?&%(73&!
8I%\!*%&!./8-)?/8,..%&!XG/2,%.&%2!/2*!^,2*R!B==EJ#!
!
G" H/)+(-&$-&./,-%&0$(1$2-3%&
$%&!'()83*3&!*%!0/?(,8/-,)2!&)2-!2)1?(%+@!%-!8)2*+,&%2-!`!+2%!A(/2*%!7/(,3-3!*%!'()*+,-&!./,-,%(&!
0%(1%2-3&#! ".! %@,&-%! +2%! A(/2*%! *,7%(&,-3! *%! ./,-&! 0%(1%2-3&! `! -(/7%(&! .%! 1)2*%R! *)2-! *%&! ./,-&!
0%(1%2-3&! /8,*%&! XQ/)+(-R! ./?/2JR! 8)28%2-(3&! X./?2%IJR! /8,*%&! %-! /.8)).,&3&! Xa30,(R! a)+1,&JR! '%+!
/8,*%&!X./,-!(,?)-J!)+!3'/,&&,&!X7,,.,J!X:3/.!/2*!Y)*,2,R!B==EJ!XU/?.%/+!SJ#!O2![(/28%R!.%!?%+((%R!./!
8(;1%R! .%&! 0()1/A%&R! .%&! ./,-&! 0%(1%2-3&! %-! .%&! Q/)+(-&! &)2-! .%&! '(,28,'/+@! '()*+,-&! ./,-,%(&!
0%(1%2-3&!8)2&)113&#!!
$%&! '()83*3&! *%! 0/?(,8/-,)2! *%&! '()*+,-&! ./,-,%(&! 0%(1%2-3&! &)2-! (%.,3&! `! ./! 'IQ&,).)A,%! *%&!
ferments et des flores d’affinage, notamment à leur température de croissanceR!`! .b+-,.,&/-,)2!*%!
*,003(%2-&! &+?&-(/-&! %-! `! .%+(! 13-/?).,&1%! 0%(1%2-/,(%#! $%&! 1,8())(A/2,&1%&! )2-! +2%! /8-,)2!
*3-%(1,2/2-%!&+(!./!-%@-+(%!%-!.%!A)t-!*%&!'()*+,-&!0%(1%2-3&!'/(!./!0)(1/-,)2!)+!2)2!*%!A/\R!*%!
8)1')&3&! /()1/-,9+%&R! *bOHYR! %-8#! $/! -%1'3(/-+(%! *%! 0%(1%2-/-,)2! *),-! _-(%! /*/'-3%! `! ./!
-%1'3(/-+(%!*%!8(),&&/28%!*%&!0%(1%2-&!+-,.,&3&#!5,2&,R!./!-%1'3(/-+(%!)'-,1/.%!*%!8(),&&/28%!*%&!
?/8-3(,%&!./8-,9+%&!-I%(1)'I,.%&!&%!&,-+%!%2-(%!E=!%-!SDw>!X=-#%0+&4'50!,)(!%-!8*/%'7*/!,,)(!;+,7&)+/C!!!
&+?&'#!7),9*&!/)(! x87-#7),9*&!/)(y!'/(!%@%1'.%JR!%-!%2-(%!B=!%-!E=w>!')+(! .%&!?/8-3(,%&!13&)'I,.%&!
X8*/%'/'//)(!,*/%!(R!8+)/'"'(%'/!4+(+"%+&'L;+(R#%-8#J#!
!
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!@/<.$/+& C"& O@%1'.%&! *%! ./,-&! 0%(1%2-3&! %@,&-/2-! `! -(/7%(&! .%! 1)2*%#! O@-(/,-! *%&
I--'nWWppp#82,%.#8)1W'+?.,8/-Wv+%&-,)2&z&+(W'*0WvYzE=#'*0!
I)1&
J3>,)2&
d’origine 
'(3%+13$&
D$%7(,'-,)2& =$(1$2-%&
P)AI)+(-! 5&,%R!
:/.a/2&!
H()*+,-!0%(1%!)+!?(/&&3R!/8,*%R!
/(]1%!8/(/8-3(,&-,9+%!
=-#%0+&4'50!,)(R!!
87-#7),9*&!/)(R!!
X{!87-#*/!;'50!,)(R!
1!F!;'7*/%+&!)4!&''#Jq!
$/,-!`!
l’acidophilus!
O-/-&Ng2,&!
H()*+,-!0%(1%R!?(/&&3!)+!.,9+,*%R!
0/,?.%!/(]1%!
87-#*/!;'50!,)(#
l30,(! >/+8/&%!
:),&&)2!?(/&&3%R!8)2&,&-/28%!
8(31%+&%R!/(]1%!%-!A)t-!
8/(/8-3(,&-,9+%&!X>dBJ!
8-#,*/%!(!&+?&'#!,*/%!(R!!
8-#,*/%!(!&+?&'#!/&+4'&!(R!!
87-#C+F!&R!87-#/*(+!R!!
87-#*/!;'50!,)(R!!
8+)/'"'(%'/!&''#R!.%7+(%&!
l)+1,&! C)2A).,%!
:),&&)2!'3-,../2-%R!/8,*%R!A)t-!
(/0(/h8I,&&/2-!%-!/(]1%!
8/(/8-3(,&-,9+%!
87-#7),9*&!/)(R!!
87-#*/!;'50!,)(R!.%7+(%&!
$/&&,! "2*%!
:),&&)2!./,-,;(%!/,A(%!*,.+3%!/7%8!*%!
l’eau, consommée salée, épicée ou 
&+8(3%!
8*/%'/'//)(!&''#R!!
8*/%'7*/!,,)(!&''#R!
8+)/'"'(%'/!&''#R!X.%7+(%&J!
G/I,! "2*%!
H()*+,-!0%(1%!)+!?(/&&3R!)+!
?),&&)2!.,9+,*%R!0./7%+(!/A(3/?.%R!
/8,*%!)+!0/,?.%1%2-!/8,*%!
=-#%0+&4'50!,)(R!!
87-#7),9*&!/)(R!!
8-#,*/%!(!&+?&'#!,*/%!(&?,)7/(#!
;!*/+%6,*/%!(R!8+)/'"'(%'/!&''#!
$%?%2!
C)Q%2N
d(,%2-!
H()*+,-!0%(1%!)+!?(/&&3R!A)t-!%-!
/(]1%!/A(3/?.%&!
=-#%0+&4'50!,)(R!!
87-#7),9*&!/)(R!!
87-#*/!;'50!,)(R!8-#,*/%!(R!
.%7+(%&!
[,.1T|.a! Y+;*%!
:),&&)2!?(/&&3%!7,&9+%+&%R!&/7%+(!
/8,*+.3%!
8-#,*/%!(!&+?&'#!,*/%!(R!
!8-#,*/%!(!&+?&'#!/&+4'&!(R!!
8-#,*/%!(!&+?&'#!,*/%!(&?,)7/(#!
;!*/+%6,*/%!(R!!
8"-#4+(+"%+&'!;+(!&+?&'#!
/&+4'&!(!
V,,.,! [,2./2*%!
H()*+,-!?(/&&3!7,&9+%+@R!/8,*+.3!%-!
A)t-!/A(3/?.%!
8-#,*/%!(!&+?&'#!,*/%!(R!!
8-#,*/%!(!&+?&'#!/&+4'&!(R!!
8-#,*/%!(!&+?&'#!,*/%!(&?,)7/(#!
;!*/+%6,*/%!(R!!
!8"-#4+(+"%+&'!;+(#&+?&'#!
;+E%&*"!/)4R!1),&,&&+(%!
q!Y%.)2!./!(3A.%1%2-/-,)2!2/-,)2/.%#!
!
G/2&!.%&!'()8%&&+&!*%!0%(1%2-/-,)2&!8)2-(].3%&R!/7%8!/T)+-!*%!0%(1%2-&!8)11%(8,/+@R!.%!./,-!%&-!
pasteurisé, ce qui conduit à l’élimination de 99RF!o!*%&!?/8-3(,%&!,2,-,/.%1%2-!'(3&%2-%&#!Y%+.&!.%&!
A%2(%&! 8*/%'7*/!,,)(R! 8*/%'/'//)(R! 8+)/'"'(%'/R! %-! =%&+5%'/'//)(! &)2-! *3.,?3(31%2-! /T)+-3&! /+@!
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!'()*+,-&! %2! (/,&)2! *%! .%+(! ,22)8+,-3! XV),(! '/(-,%! "#! $%&! '()*+,-&! ./,-,%(&! 0%(1%2-3&R! '/A%! E=J!
XG()+/+.-!/2*!>)(-I,%(R!B==<!Z!>)*%@!5.,1%2-/(,+&!>)11,&&,)2R!B==E!Z!:%(2/(*%/+!+%#*,-R!B==K!Z!
U%+?%(!/2*!i%,&R!B==KJ!XU/?.%/+!EJ#!
".!%@,&-%!*,003(%2-&!-Q'%&!*%!./,-&!0%(1%2-3&!%-!*%!Q/)+(-&R!8./&&3&!&%.)2!.%+(!&/7%+(!X2/-+(%R!&+8(3R!
/()1/-,&3R!/+@!0(+,-&JR!.%+(!-%@-+(%!X0%(1%R!?(/&&3R!.,9+,*%R!8)28%2-(3JR!.%+(!-/+@!*%!1/-,;(%!A(/&&%!
X./,-!%2-,%(R!&-/2*/(*R!1/,A(%J!.%!-Q'%!*%!./,-!X7/8I%R!?(%?,&R!8I;7(%R!%-8#J!%-!.%&!0%(1%2-&!9+,!Q!&)2-!
/T)+-3&! X:3/.! /2*! Y)*,2,R! B==EJ#! $%! Q/)+(-R! *)2-! ./! *32)1,2/-,)2! (%')&%! &+(! ./! '(3&%28%! *%!
0%(1%2-&!/8-,0&!7,7/2-&!*/2&!.%!'()*+,-!0,2,!-,%2-!une place prépondérante dans l’industrie laitière#!
Y%.)2! ./! *30,2,-,)2! *+! 3';+E# *,!4+"%*&!)(! *%! B==ER! .%&! *%+@! &)+8I%&! 1,8()?,%22%&! '%(1%--/2-!
l’appellation «!Q/)+(-!}!&)2-!87#!7),9*&!/)(!%-!=-#%0+&4'50!,)(R! le remplacement de l’une ou l’autre 
*%!8%&!&)+8hes ou l’ajout de souches supplémentaires ne permet-%2-!'.+&!*%!9+/.,0,%(!.%!'()*+,-!*%!
~!Q/)+(-!}! X>)*%@!5.,1%2-/(,+&!>)11,&&,)2R! B==EJ#! $%&! 2)(1%&! ,2-%(2/-,)2/.%&! '(37),%2-! +2%!
9+/2-,-3! 1,2,1/.%! *%! <=K! 1,8())(A/2,&1%&! '/(! A(/11%! *%! Q/)+(-R! 9+,! *),7%2-! (%&-%(! 7,7/2-&!
jusqu’à la G$>! *+! '()*+,-! XC,&&,)2! &8,%2-,0,9+%! *%! YQ2*,0(/,&R! <FFL!Z! >)*%@! 5.,1%2-/(,+&!
>)11,&&,)2R!B==EJ#!P/)+(-&!%-!./,-&!0%(1%2-3&!&)2-!*%&!'()*+,-&!./,-,%(&!0(/,&!9+,!'(3&%2-%2-!+2%!
*+(3%!*%!7,%! .,1,-3%!XS! &%1/,2%&!')+(! .%!Q/)+(-J! %-!*),7%2-!_-(%!8)2&%(73&! &)+&! (3A,1%!*%! 0(),*!
')&,-,0!X:3/.!/2*!Y)*,2,R!B==EJ#!5!'/(-!9+%.9+%&!%@8%'-,)2&R!*)2-!.%!./,-!/8,*)'I,.%R!0%(1%2-3!'/(!
87-# */!;'50!,)(! +2,9+%1%2-! X:/2,2/! +%# *,-R! <FF4JR! ./! '.+'/(-! *%&! 0%(1%2-&! *%! '()*+,-&! ./,-,%(&!
0%(1%2-3&! 0)2-! ,2-%(7%2,(! /+! 1,2,1+1! *%+@! %&';8%&R! *)2-! ./! 8)1'/-,?,.,-3! %&-! '(3/./?.%1%2-!
73(,0,3%! X8(),&&/28%! /&&)8,/-,7%! '.+-]-! 9+b/2-/A)2,&-%J#! G/2&! .%! 8/&! *+! Q/)+(-R! ,.! %@,&-%! +2%!
,2-%(/8-,)2! *%! -Q'%!1+-+/.,&-%! /''%.3%! '()-)N8))'3(/-,)2! %2-(%! =-# %0+&4'50!,)(! %-!87-# 7),9*&!/)(#
XY,%+p%(-&! +%# *,-R! B==4!Z! 52A%.)7! +%# *,-R! B==FJ-# La plupart des souches appartenant à l’espèce 
=-#%0+&4'50!,)(! présentent peu d’auxotrophies pour les acides aminés et ont donc moins 
d’exigences nutritionnelles que l’espèce 87-#7),9*&!/)(#!5+&&,R!/'(;&!,2)8+./-,)2!*%&!*%+@!%&';8%&!
*/2&! .%! ./,-R! &%+.! =-# %0+&4'50!,)(! %2-(%! (/',*%1%2-! */2&! &/! 'I/&%! %@')2%2-,%..%! *%! 8(),&&/28%!
X[,A+(%! LJ#! 5+! 8)+(&! *%! &/! 8(),&&/28%R! 8%--%! %&';8%! '()*+,-! *,7%(&! 8)1')&3&! 9+,! &-,1+.%2-! ./!
8(),&&/28%!*%!87-#7),9*&!/)(R!-%.&!9+%!.%&!/8,*%&!0)(1,9+%!%-!0).,9+%R!(%&'%8-,7%1%2-!'(38+(&%+(!%-!
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!8)0/8-%+(!*%! ./!?,)&Q2-I;&%!*%&!'+(,2%&R! %-! .%!*,)@Q*%!*%!8/(?)2%R!'(38+(&%+(!*%! ./! &Q2-I;&%!*%!
l’aspartate, du glutamate, de l’arginine et des nucléotides. 87-# 7),9*&!/)(! %2-(%! /.)(&! `! &)2! -)+(!
*/2&! +2%! 'I/&%! *%! 8(),&&/28%! %@')2%2-,%..%! %-! &-,1+.%! ./! 8(),&&/28%! *%! =-# %0+&4'50!,)(! '/(!
l’hydrolyse de la caséine et la libération consécutive de petits peptides et d’acides aminés libres, 
?%/+8)+'!*%!&)+8I%&!*%!=-#%0+&4'50!,)(!3-/2-!*3')+(7+%&!*%!'()-3/&%&!%@-(/8%..+./,(%&!XY,%+p%(-&!
+%#*,-R!B==4J!X[,A+(%!LJ#!
!
!
=,>+($& K"!M%'(3&%2-/-,)2! *%! ./! '()-)N8))'3(/-,)2! %2-(%!=-# %0+&4'50!,)(! %-!87-# 7),9*&!/)(! */2&! .%! Q/)+(-#!
X5J!M%'(3&%2-/-,)2!&8I31/-,9+%!*%&!,2-%(/8-,)2&!%2-(%!=-#%0+&4'50!,)(!%-!87-#7),9*&!/)(R!.%+(!%27,()22%1%2-!
%-! .%&!8)1')&3&! ,2-%(7%2/2-!*/2&! .%&!8/(/8-3(,&-,9+%&!)(A/2).%'-,9+%&!*+!Q/)+(-#!$%&!8)1')&3&!%2-)+(3&!
de parenthèses sont supposés jouer un rôle dans l’interaction entre ces deux espèces. R! ,2-%(/8-,)2&!
')&,-,7%&!Z! R! ,2-%(/8-,)2&! 23A/-,7%&!Z! ! R! ,2-%(/8-,)2&! 9+,! 2%! 0/7)(,&%2-! '/&! %-! 2%! (3*+,&%2-! '/&! ./!
8(),&&/28%!*%&! /+-(%&! %&';8%&#!5i>$R! /8,*%&! A(/&! `! 8I/h2%! .)2A+%!Xd’après! Y,%+p%(-&! +%# *,-! XB==4JJ#! X:J!
8(),&&/28%! *%! =-# %0+&4'50!,)(! %-! 87-# 7),9*&!/)(! /+! 8)+(&! *%! ./! 0%(1%2-/-,)2! *+! Q/)+(-! %-! 37).+-,)2! *%&!
'/(/1;-(%&!'IQ&,8)8I,1,9+%&!*+!Q/)+(-!X8)+(?%&!(%'()*+,-%&!*%!:3/.!/2*!Y)*,2,!XB==EJJ#&
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!$%!./,-!+-,.,&3!')+(!./!0/?(,8/-,)2!*%&!./,-&!0%(1%2-3&!%-!*+!Q/)+(-!*),-!_-(%!&-/2*/(*,&3!%2!1/-,;(%!
A(/&&%!%-!%2(,8I,!'.+&!)+!1),2&!0)(-%1%2-!%2!'()-3,2%&!&%.)2!./!-%@-+(%!(%8I%(8I3%!X[,A+(%!4J#!$%&!
techniques les plus courantes d’enrichissement consistent à ajouter de la poudre de lait écrémé ou 
*+! ./,-! 8)28%2-(3#! 5'(;&! I)1)A323,&/-,)2R! .%! ./,-! %&-! &-3(,.,&3! '/(! -(/,-%1%2-! -I%(1,9+%! XV),(!
'/(-,%! """#! C)Q%2! *%! '(37%2-,)2! *%&! 8)2-/1,2/-,)2&! 0)2A,9+%&R! '/A%! SLJ! '+,&! (%0(),*,! `! ./!
-%1'3(/-+(%!*%!0%(1%2-/-,)2#!Y%.)2!.%!'()*+,-!&)+I/,-3R! .%! ./,-!'%+-!%2&+,-%!_-(%!&+''.31%2-3!%2!
&+8(%! XD!`!<=!%) ou par d'autres additifs. Pour les yaourts fermes, l’ajout de su8(%! &%! 0/,-!/7/2-!
0%(1%2-/-,)2#!H)+(!.%&!Q/)+(-&!?(/&&3&R!&),-!.%!&+8(%!%&-!/T)+-3!%2!-)-/.,-3!/7/2-!0%(1%2-/-,)2R!&),-!
+2%!'/(-,%!&%+.%1%2-!%&-!/T)+-3%!/7/2-!0%(1%2-/-,)2R!.%!(%&-%!3-/2-!/T)+-3!/'(;&!0%(1%2-/-,)2!X:3/.!
/2*!Y)*,2,R!B==EJ#!5(]1%&!2/-+(%.&!%-!/(-,0,8,%.&R!'+.'%&!%-!T+&!*%!0(+,-&R!8)20,-+(%&R!0(+,-&R!&+8(%&!%-!
additifs au pouvoir sucrant tels que le miel ou l’aspartame font partie de la liste des additifs 
/+-)(,&3&!'/(!l’Arrêté *+!B!)8-)?(%!<FFL!%-!.%!G38(%-!2w!4FNKLS!*+!<4!&%'-%1?(%!<F4F#!G%!1_1%R!
la curcumine (E100), la riboflavine (E101i), la riboflavine 5’ phosphate (E101ii), la cochenille 
(E120), l’indigotine (E132), les chlorophylles (E140), le caramel (E150), les caroténoïdes (E160), 
.%&!@/2-I)'IQ..%&! XO<K<JR! .%! ()+A%!*%!?%--%(/7%! XO<KBJ! %-! .%&! /2-I)8Q/2%&! XO<KEJ! &)2-! .%&! &%+.&!
8).)(/2-&!')+7/2-!_-(%!/T)+-3&!/+@!./,-&! 0%(1%2-3&!%-!/+@!Q/)+(-&#!$%&! 0%(1%2-&R!8)11%(8,/.,&3&!
&)+&! 0)(1%!8)2A%.3%!)+! .Q)'I,.,&3%R! &)2-! %2&+,-%! /T)+-3&! /+! ./,-! -(/,-3! `! (/,&)2!*%!D#<=D! `! D#<=K!
g[>W1.!X[,A+(%!4J#!G/2&! .%!8/&!*+!Q/)+(-R! ./! -%1'3(/-+(%!*%! 0%(1%2-/-,)2!&%!&,-+%!%2-(%!S=!%-!
SDw>#!5+!8)+(&!*%!8%--%!0%(1%2-/-,)2R!./!8)2&)11/-,)2!*+!./8-)&%!%-!*%!./!8/&3,2%!8)2*+,-!`!./!
synthèse de produits intervenant dans la formation du goût, tels que l’acide lactique, )?-%2+!$!*!./!
glycolyse ou encore l’/83-/.*3IQ*%R! 0)(13! `! '/(-,(! *%! ./! -I(3)2,2%R! %..%N1_1%! )?-%2+%! '/(!
IQ*().Q&%!*%!./!8/&3,2%R!%-!*%!./!-%@-+(%!X./!8)/A+./-,)2!%&-!*+%!`!./!*,1,2+-,)2!*+!'6!.,3%!`! ./!
production d’acide lactique, les polysaccharides!,2-%(7%2/2-!9+/2-!`!%+@!*/2&!./!7,&8)&,-3!*+!./,-J#!
Parallèlement, l’hydrolyse du lactose conduit à l’accumulation de galactose. Le lactose est en 
effet formé d’une unité glucose et d’une unité galactose et c’est le glucose qui entre dans ./!7),%!
*%!./!A.Q8).Q&%#!$%!(/'')(-!%2-(%!=-#%0+&4'50!,)(!%-!87-#7),9*&!/)(!%&-!A323(/.%1%2-!(%8)11/2*3!`!
<n<R! 1/,&! *,00;(%! &%.)2! .%&! 0/?(,8/2-&! %-! .%&! 8/(/8-3(,&-,9+%&! (%8I%(8I3%&#! i323(/.%1%2-R! ./!
8)28%2-(/-,)2! 0,2/.%! *%! =-# %0+&4'50!,)(! %&-! 2%--%1%2-! &+'3(,%+(%! `! 8%..%! *%!87-# 7),9*&!/)(#! >%--%!
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!fermentation peut se faire directement dans le pot si l’on veut produire un yaourt ferme, ou dans 
*%&! -/2a&! *%! 0%(1%2-/-,)2! */2&! .%&9+%.&! .%! '()*+,-! %&-! ?(/&&3! `! ./! 0,2! *%! ./! 0%(1%2-/-,)2! /7/2-!
d’être mis en pots. La durée de fermentatio2R!')+7/2-!/..%(!*%!E!I%+(%&!')+(!.%!Q/)+(-!`!<K!I%+(%&!
')+(!8%(-/,2&! -Q'%&!*%! ./,-&! 0%(1%2-3&R!*),-! _-(%!?,%2!8)2-(].3%!/0,2!*%! &-)''%(! ./!8(),&&/28%!*%&!
8+.-+(%&!au bon moment et ainsi éviter une trop forte acidification du produit. Le pH attendu d’un 
Q/ourt se situe généralement aux alentours de 4,2. L’arrêt de la croissance est réal,&3! '/(! +2!
(%0(),*,&&%1%2-!`!B=w>!*/2&!./!8+7%!/'(;&!?(/&&/A%R!%-!`!Sw>!.)(&9+%!./!0%(1%2-/-,)2!&%!0/,-!*/2&!
.%&!')-&#!>%--%!-%1'3(/-+(%!%&-!1/,2-%2+%!*+(/2-!-)+-%!./!*+(3%!*+!&-)8a/A%!T+&9+b`!./!*,&-(,?+-,)2!
*+!'()*+,-R!'%2*/2-!./9+%..%!./!-%1'3(/-+(%!*),-!_-(%!,203(,%+(%!)+!3A/.%!`!Kw>!X:3/.!/2*!Y)*,2,R!
B==E!Z!Y)+a)+.,&!+%#*,-R!B==LJ#!
!
=,>+($&L"&G,/gramme général de fabrication du yaourt, d’après :3/.!/2*!Y)*,2,!XB==EJ#
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!!!" 4.-3(/-,)2& 0)2>,8+$&*$%&M/)+(-%N&*$%& ./,-%& 0$(1$2-3%&$-&*$%&
0()1/>$%&0(/,%&&&
4" O,7())(>/2,%1$%&,1'.,8+3%&
$%&!Q/)+(-&R!.%&!./,-&!0%(1%2-3&!%-!.%&!0()1/A%&!0(/,&R!(,8I%&!%2!%/+R!%2!3.31%2-&!)(A/2,9+%&!%-!%2!
1,23(/+@R!&)2-R!8)11%!./!'.+'/(-!*%&!/.,1%2-&R!&+&8%'-,?les d’être contaminés par *%!2)1?(%+@!
1,8())(A/2,&1%&#! $%&! '(,28,'/+@! '/(/1;-(%&! ,20.+%2j/2-! ./! 8(),&&/28%! 1,8()?,%22%! &)2-! ./!
température, le pH, le potentiel d’oxydoréduction et l’activité de l’eau! X/pJ#! >I/9+%!
1,8())(A/2,&1%!')&&;*%!*%&!'/(/1;-(%&!*%!8(),&&/28%!X8/(/8-3(,&3&!'/(!*%&!'),2-&!8/(*,2/+@J!9+,!
*3-%(1,2%2-! .%&! /.,1%2-&!*/2&! .%&9+%.&! ,.&! &)2-! &+&8%'-,?.%&!*%! 8()h-(%#!G/2&! .%! 8/&!*%&!'()*+,-&!
./,-,%(&!0%(1%2-3&R!.%&!Q/)+(-&R!.%&!./,-&!0%(1%2-3&!%-!.%&!0()1/A%&!`!'f-%&!0(/h8I%&!&%!*,&-,2A+%2-!*%&!
autres types de fromages par une activité de l’eau plus élevée et un pH plus bas. La majorité des 
Q/)+(-&R! *%&! ./,-&! 0%(1%2-3&! %-! *%&! 0()1/A%&! 0(/,&! )2-! *%&! '6! ,203(,%+(&! )+! 3A/+@! `! SRK! %-! +2%!
activité de l’%/+!&+'3(,%+(%!`!=RF4#!$%&!/+-(%&! 0()1/A%&!)2-!'.+-]-!*%&!'6!&+'3(,%+(&!`!SRK#!>%&!
*,003(%28%&! *%! '6! &)2-! ')+(! '/(-,%! à l’origine des différences observées au niveau des 
1,8())(A/2,&1%&!8)2-/1,2/2-&#!$/!'(3&%28%!%2!quantité importante d’/8,*%&!)(A/2,9+%&!*/2&!.%&!
Q/)+(-&R! .%&! ./,-&! 0%(1%2-3&! %-! .%&! 0()1/A%&! 0(/,&! )00(%! +2%! ?/((,;(%! 2/-+(%..%! 8)2-(%! +2%! A/11%!
3./(A,%!*%!?/8-3(,%&!pathogènes ou d’altération '+,&9+%!peu d’espèces bactériennes /&&)8,3%&!/+@!
/.,1%2-&! &)2-! 8/'/?.%&! *%! 8()h-(%! `! *%&! '6! ,203(,%+(&! `! SRD! Xi)+.*R! <FFD!Z! M)&&! +%# *,-R! B==B!Z!
C+0/2*/%*\/!+%#*,-R!B==KJ#!
O2! (%7/28I%R! .%&! 8)2-/1,2/2-&! 0)2A,9+%&! X.%7+(%&! %-! 8I/1',A2)2&! 0,./1%2-%+@J! '%+7%2-!
8)2&-,-+%(!+2!'()?.;1%!,1')(-/2-!')+(!./!9+/.,-3!)(A/2).%'-,9+%!*%&!Q/)+(-&R!*%&!./,-&!0%(1%2-3&!
%-!*%&!0()1/A%&!0(/,&#!$%&!8)2-/1,2/-,)2&!'/(!8%!-Q'%!*%!1,8())(A/2,&1%&!peuvent s’expliquer '/(!
leur capacité de croissance à de faibles pH, à une gamme élargie d’activité de l’eau! X/pJR! `! *%!
?/&&%&! -%1'3(/-+(%&! %-! `! *%&! 8)28%2-(/-,)2&! 3.%73%&! %2!k/>.! X[.%%-R! <FF=!Z!M)I1! +%# *,-R! <FFB!Z!
Huis in’t Veld, 1996!Z!c/a)?&%2!/2*!k/(7I+&R!<FFK!Z!>)+&,2R!B==BJ#!
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!G%!'.+&R!?%/+8)+'!*%!8I/1',A2)2&!&)2-!?,%2!/*/'-3&!/+!1,.,%+!./,-,%(R!du fait qu’ils ')&&;*%2-!.%!
1/-3(,%.!%2\Q1/-,9+%!.%+(!'%(1%--/2-!l’assimilation des constituants du lait -%.&!9+%!.%!./8-)&%R!.%&!
'()-3,2%&! %-! .%&! .,',*%&! X[.%%-R! <FF=!Z! M))&-,-/! /2*! [.%%-R! <FFK!Z! V,.T)%2R! B==<J#! M+7*&6'46/+(#
0*"(+"!!R! 9+,! /! +2%! ?)22%! -).3(/28%! /+! k/>.! %-! N,)6$+&'46/+(# 4*&E!*")(R! 9+,! ')&&;*%! +2%! βN
A/./8-)&,*/&%R! sont des exemples d’espèces fréquemment retrouvées */2&! .%&! '()*+,-&! ./,-,%(&!
X[.%%-R!<FF=!Z!M))&-,-/!/2*![.%%-R!<FFKJ#!G/2&!.%!8/&!'/(-,8+.,%(!*%&!Q/)+(-&R!.%&!8%..+.%&!*%!.%7+(%&!
*),7%2-!_-(%!%2!8)28%2-(/-,)2! ,203(,%+(%!à 10 cellules par gramme afin d’assurer /+!'()*+,-!+2%!
*+(3%!*%!7,%!*%!S!&%1/,2%&!XBS! T)+(&J!`!-%1'3(/-+(%!*%!(30(,A3(/-,)2R!9+,!&%!&,-+%!%2-(%!=!%-!Kw>!
X[.%%-R!<FF=J#!>%'%2*/2-R! .%&! &)+(8%&!*%!8)2-/1,2/-,)2!&)2-!2)1?(%+&%&!%-! (%28)2-(3%&! -)+-!/+!
.)2A!*+!'()8%&&+&!*%!0/?(,8/-,)2R!%-!`!-)+-%&!.%&!3-/'%&!'(383*/2-!./!8)2&)11/-,)2R!1/,&!.%&!'.+&!
0(39+%2-%&! &)2-! (%28)2-(3%&! .)(&! *+! 8)2*,-,)22%1%2-! Xi)+.*R! <FFKJ#! :,%2! 9+%! ')+7/2-! _-(%!
présents dans le lait cru ou pasteurisé, ces organismes sont surtout responsables d’altérations 
/'(;&!./!0/?(,8/-,)2!*%&!Q/)+(-&!%-!*%&!./,-&!0%(1%2-3&!Xc/a)?&%2!/2*!k/(7I+&R!<FFKJ#!L’air!X&/..%!
*%!8)2*,-,)22%1%2-J, l’eau, .%!1/-3(,%.!+-,.,&3R!.%&!&+(0/8%&R!.%!'%(&)22%.R!%-!.%&!,2A(3*,%2-&!/T)+-3&!
/+@! '()*+,-&! X0(+,-&R! 1,%.R! &+8(%R! 2),@J! &)2-! &)+(8%&! 1/T%+(%&! *%! 8)2-/1,2/-,)2! X[.%%-R! <FF=!Z!
6%(1,%(!+%#*,-R!<FFB!Z!c/a)?&%2!/2*!k/(7I+&R!<FFK!Z!lja|2%(!/2*!U/(/aj,R!B==SJ#!$%!1/+7/,&!
respect des conditions d’hygiène /+A1%2-%! 3A/.%1%2-! .%! (,&9+%! *%! 8)2-/1,2/-,)2&#! G/2&! .%!
Q/)+(-R! ./! 8)2-/1,2/-,)2! %&-! 37,*%2-%! 9+/2*! .%&! ')'+./-,)2&! *%! .%7+(%&! /--%,A2%2-! +2%!
8)28%2-(/-,)2! &%+,.! *%! <=D! `! <=K! 8%..+.%&! '/(! A(/11%! X[.%%-R! <FF=JR! %-! */2&! *%&! 8)2*,-,)2&!
2)(1/.%&!*%!&-)8a/A%R! ./!8(),&&/28%!0)2A,9+%!%&-!&%+.%1%2-!(/.%2-,%!1/,&!'/&!,2I,?3%!XV,.T)%2!+%#
*,-R!B==EJ#!!
$/!8)2-/1,2/-,)2!*%&! ./,-&!'/&-%+(,&3&!)+! &-3(,.,&3&!'/(!g6U!&%! 0/,-!/'(;&! -(/,-%1%2-! -I%(1,9+%!
XG%aR! B==4J#! 16(('/0,*46(# "!$+*R! .)5+"!/!,,!)4# 7&+F+,;!*")4R! I)(*&!)4# 'E6(5'&)4R! O+'%&!/0)4#
/*";!;)4R!P+'(*&%'&6*#F!(/0+&!!7/(#!(5!"'(*R!@*,*&'46/+(#*$+,,*"+)(R!&)2-!*%&!%&';8%&!(%-()+73%&!*/2&!
.%!./,-!g6U!XH,--!/2*!6)8a,2AR!B==FJ!%-!3*";!;*#;!FF,)+"(R!3*";!;*#F*4*%*!%-!3&65%'/'//)(!&''#!)2-!
3-3!(%-()+73&!*/2&!*%&!./,-&!'/&-%+(,&3&!Xc/a)?&%2!/2*!k/(7I+&R!<FFKJ#!
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!$%&! %&';8%&! 8)2-/1,2/2-%&! .%&! '.+&! 0(39+%11%2-! (%-()+73%&! */2&! .%&! /.-3(/-,)2&! *%&! 0()1/A%&!
/''/(-,%22%2-! /+@! A%2(%&! :+"!/!,,!)4! X:-# /'44)"+! %-! :-# "*,9!'$+"(+JR! Q)/'&R! J(5+&9!,,)(R!
3,*;'(5'&!)4R! O+'%&!/0)4! X2)-/11%2-! O-# /*";!;)4JR! :0'4*R! 3+50*,'(5'&!)4R! =/'5),*&!'5(!(! %-!
R0!H'5)(!XU&/,!/2*!>)+&,2R!<FF=!Z!M)I1!+%#*,-R!<FFB!Z![,.-%2?)(A!+%#*,-R!<FFK!Z!$%!:/(&N:/,..Q!+%#*,-R!
<FFF!Z! >)+&,2R! B==BS-# $%&! %&';8%&# M+7*&6'46/+(# 0*"(+"!!R! N,)6$+&'46/+(# ,*/%!(R! N,)6$+&'46/+(#
4*&E!*")(R!=*//0*&'46/+(# /+&+$!(!*+! %-! T((*%/0+"C!*# '&!+"%*,!(! &)2-! 3A/.%1%2-! -(;&! 0(39+%2-%&! X[.%%-R!
<FF=!Z!M)I1!+%#*,-R!<FFB!Z!c/a)?&%2!/2*!k/(7I+&R!<FFKJ#!
$%&! 8)2-/1,2/2-&!*%&! 0()1/A%&! /+! ./,-! 8(+! '%+7%2-! '()7%2,(! *%! ./! 0.)(%!2/-+(%..%1%2-! '(3&%2-%!
*/2&! .%! ./,-#! O2! %00%-R! .%&! %&';8%&! /''/(-%2/2-! /+@! A%2(%&! J(5+&9!,,)(<# 3*";!;*R! 3,*;'(5'&!)4<#
M+7*&6'46/+(<# O+'%&!/0)4<# N,)6$+&'46/+(<# :+"!/!,,!)4<# %-# =*//0*&'46/+(# &)2-! 0(39+%11%2-!
,*%2-,0,3%&!*/2&!*%&!./,-&!8(+&#X>)(?)!+%#*,-R!B==<!Z!>)8).,2!+%#*,-R!B==B!Z!>/..)2!+%#*,-R!B==KJ#!
$%&! %&';8%&! /''/(-%2/2-! /+! A%2(%! 3*";!;*! X2)-/11%2-! 3-# ;!FF,)+"(R! 3-# F*4*%*R! 3-# !"%+&4+;!*R!
3-#C&)(+!R! 3-# ,)(!%*"!*+R! 3-# 5*&*5(!,'(!(R! 3-# 5+,,!/),'(*R! 3-# 5(+);'%&'5!/*,!(R! 3-# (%+,,*%*R! 3-# %&'5!/*,!(R!
3-#$+&(*%!,!(! %-! 3-# H+6,*"'!;+(J! 0)2-! '/(-,%! *%&! 8)2-/1,2/2-&! .%&! '.+&! 0(39+%11%2-! ,&).3&! *%&!
/.-3(/-,)2&!*+!Q/)+(-!%-!*b/+-(%&!'()*+,-&!./,-,%(&!0%(1%2-3&#!M-#0*"(+"!!R!N,)6$+&'46/+(#4*&E!*")(!%-!
N-# ,*/%!(! /,2&,! 9+%! N-# 7),9*&!/)(! %-! N-! F&*9!,!(R! R0';'%'&),*# 4)/!,*9!"'(*R! =*//0*&'46/+(! /+&+$!(!*+R!
2*&&'U!*# ,!5',6%!/*! %-! V69'(*//0*&'46/+(# 7*!,!!! '%+7%2-! _-(%! /+&&,! (%&')2&/?.%&! d’altérations *+!
Q/)+(-! %-! *%&! ./,-&! 0%(1%2-3&R! /,2&,! 9+%! .%&! 8I/1',A2)2&! *%&! A%2(%&! Q)/'&! X2)-/11%2-!
Q-#/!&/!"+,,'!;+(R! Q-# &*/+4'()(R! Q-# 0!+4*,!(! %-! Q-# &+)C*)F!!JR! :+"!/!,,!)4! X:-# *)&*"%!'9&!(+)4! %-!
:-#7&+$!/'45*/%)4J!%-!:!/0!*! X:!-#*"'4*,*R!:!-# F+&4+"%*"(!%-!:!-# %',+%*"*J! X[.%%-R!<FF=!Z!M)I1!+%#*,-R!
<FFB!Z![,.-%2?)(A!+%#*,-R!<FFK!Z!c/a)?&%2!/2*!k/(7I+&R!<FFK!Z!V,.T)%2R!B==<!Z!G%aR!B==4!Z!H,--!/2*!
6)8a,2AR! B==FJ#! >%(-/,2%&! %&';8%&! -%..%&! 9+%! T((*%/0+"C!*# '&!+"%*,!(R! 3,*$!(5'&*# ,)(!%*"!*+! XG%aR!
B==4JR!@'&),'5(!(#/*";!;*R!@-#$+&(*%!,!(R!W*"(+"),*#*"'4*,*!X[.%%-R!<FF=J!%-!@&!/0'(5'&'"#4'"',!F'&4+!
XG%aR!B==4J!&)2-!'/(0),&!3A/.%1%2-!(%-()+73%&#!!
!!
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!9" G2P$+Q&37)2)1,8+$%&$-&%/2,-/,($%&
$%&! 8)2-/1,2/-,)2&! 0)2A,9+%&!*%&!'()*+,-&! ./,-,%(&! 0%(1%2-3&!'%+7%2-!')-%2-,%..%1%2-! /7),(!*%&!
8)2&39+%28%&!`!*%+@!2,7%/+@!n!&+(!./!sécurité sanitaire d’une part, concer2/2-!./!&/2-3!'+?.,9+%!%-!
.%! (,&9+%! *b,2-)@,8/-,)2! &+,-%! `! ./! 8)2&)11/-,)2! *%! '()*+,-&! 8)2-/1,23&R! %-! &+(! .%&! 9+/.,-3&!
organoleptiques d’autre part, impliquantR! en cas d’altérationsR! *%&! '%(-%&! 38)2)1,9+%&! '.+&! )+!
1),2&!8)2&39+%2-%&#!!
!
>%(-/,2&!8)2-/1,2/2-&!0)2A,9+%&!'%+7%2-!*%7%2,(!-)@,9+%&!$!*!./!'()*+8-,)2!*%!1Q8)-)@,2%&R!9+,!
&)2-! *%&! 13-/?).,-%&! &%8)2*/,(%&! -)@,9+%&! ')+(! .%&! /2,1/+@! %-! .%&! I)11%&! XY8I,..,2A%(! +%# *,-R!
<FFKJ#! >%&! 1).38+.%&! )2-! +2%! ,28,*%28%! &+(! *%! 2)1?(%+@! )(A/2%&! X8%(7%/+R! (%,2! %-! 0),%J! %-!
A32;(%2-!*,003(%2-&!-Q'%&!*%!'/-I).)A,%&!(développement de cancer, d’allergies, malformations de 
l’embryon) ([,.-%2?)(A! +%# *,-R! <FFK!Z! 6+&&%,2! /2*! :(/&%.R! B==<!Z! G/.,3! +%# *,-R! B=<=J#! $%!
*37%.)''%1%2-! *%! 8I/1',A2)2&! XJ(5+&9!,,)(R# I)(*&!)4R# :+"!/!,,!)4<# %-8-J! 1Q8)-)@,A32,9+%&! X.%&!
-)@,2%&! .%&!'.+&!8)22+%&!3-/2-! .%&!/0./-)@,2%&R! 0+1)2,&,2%&R!'/-+.,2%&R!)8I(/-)@,2%&R!\3/(/.32)2%!
%-!-(,8I)-I38;2%&J!'%+-!*)28!_-(%!,1'.,9+3!*/2&!*%&!'()?.;1%&!*%!&/2-3!'+?.,9+%!Xk%.&)2R!<FFE!Z!
6+&&%,2!/2*!:(/&%.R!B==<J#!$%&!1Q8)-)@,2%&!'%+7%2-! &%! (%-()+7%(!*/2&! .%&!'()*+,-&! ./,-,%(&! &),-!
par une contamination indirecte, qui provient du lait suite à l’ingestion d’aliments contaminés 
(céréales, tourteaux d’arachide) en mycotoxines par les animaux producteurs de lait, soit d’une 
8)2-/1,2/-,)2! *,(%8-%R! ,&&+%! *%! ./! 8(),&&/28%! *%! 1),&,&&+(%&! */2&! .%&! '()*+,-&! XY%2A+2! +%# *,-R!
B==4J#!>%'%2*/2-R!./!'(3&%28%!*%!1Q8)-)@,2%&!%2!9+/2-,-3!&,A2,0,8/-,7%!*/2&!.%&!'()*+,-&!./,-,%(&!
n’est pour le moment attribuée qu’aux 83(3/.%&! 8)2-/1,23%&! 8)2&)113%&! '/(! .%&! /2,1/+@!
XU/2-/)+,NO./(/a,! /2*! lI/??/\,R! <F4SJ. D’ailleurs, dans l’Union Européenne, la seule 
mycotoxine dont la teneur est réglementée dans le lait et les produits laitiers est l’aflatoxine M1, 
(%-()+73%! */2&! .%! ./,-! 1/T)(,-/,(%1%2-! '/(! 8%--%! 7),%R! et qui résulte de l’hydroxylation de 
l’aflatoxine B1 lors du passage par l’animal!Xl/2,)+Ni(,A)(,/*)+!+%#*,-R!B==DJ#!G/2&!.%&!'()*+,-&!
./,-,%(&! 0%(1%2-3&!)m!*%&!1),&,&&+(%&!2%! &)2-!2)(1/.%1%2-!'/&!'(3&%2-%&! XQ/)+(-R! ./,-! 0%(1%2-3R!
0()1/A%!?./28R!%-8#JR!)2!'%+-!8)2&,*3(%(!9+%!.%!(,&9+%!.,3!/+@!1Q8)-)@,2%&!,&&+%&!*%!./!8(),&&/28%!
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!*%!1),&,&&+(%&! %&-! .,1,-3R! 8/(! .%! 8)2&)11/-%+(! /+(/! -%2*/28%! `! (%T%-%(! +2! '()*+,-! 8)2-/1,23#!
Mais dans l’éventualité où le produit contaminé est consommé, les études sur ce sujet se1?.%2-!
1)2-(%(!9+%!.%&!-)@,2%&!'()*+,-%&!*/2&!.%&!0()1/A%&R!'/(!%@%1'.%!./!()9+%0)(-,2%R!&Q2-I3-,&3%!'/(!
*%&!&)+8I%&!*%!:-#&'G)+F'&%!R!&)2-!,2&-/?.%&!%-!%2!9+/2-,-3&!-()'!0/,?.%&!')+(!/7),(!+2%!8)2&39+%28%!
&+(! ./!&/2-3!*+!8)2&)11/-%+(!XO(*)A/2!+%#*,-R!B==EJ#!C_1%!&,!*%&!3-+*%&!')+&&3%&!*),7%2-!_-(%!
menées pour clairement démontrer l’innocuité des souches utilisées intentionnellement ou 
accidentellement dans l’industrie laitière et l’absence de dangerosité à long terme des 
1Q8)-)@,2%&! '()*+,-%&R! /+@! 2,7%/+@! )m! %..%&! &)2-! (%28)2-(3%&! */2&! .%&! '()*+,-&R! ./! '(3&%28%!
éventuelle de mycotoxines dans les produits laitiers fermentés n’est donc actuellement pas 
8)2&,*3(3%!8)11%!0/8-%+(!`!(,&9+%!'/(!(/'')(-!/+@!8)2-/1,2/2-&!0)2A,9+%&!./,-,%(&#!
!
D’un point de vue économ,9+%R! .%!*37%.)''%1%2-!*%!8)2-/1,2/2-&!0)2A,9+%&!*/2&! .%&!'()*+,-&!
./,-,%(&! 0%(1%2-3&! peut s’avérer! '()?.31/-,9+%#! >%&! 8I/1',A2)2&! 8)2-/1,2/2-&! &)2-! %2! %00%-!
(%&')2&/?.%&!*%!./!1)*,0,8/-,)2!%-!*%!./!'%(-%!*%!&-/?,.,-3!*%&!9+/.,-3&!)(A/2).%'-,9+%&!*+!'()*+,-!
XA)t-R!)*%+(R!/&'%8-R!-%@-+(%J!.,3%&!`!./!'()*+8-,)2!,2*3&,(/?.%!*%!8)1')&3&!/()1/-,9+%&R!*%!A/\!
ou d’alcool#! $/! '()*+8-,)2! *%! 8%&! 8)1')&3&! %&-! A323(/.%1%2-! .,3%! `! ./! *3A(/*/-,)2! *%&!
8)2&-,-+/2-&! *%&! '()*+,-&! ./,-,%(&! -%.&! 9+%! '()-3,2%&R! .,',*%&! %-! ./8-)&%#! >%&! /.-3(/-,)2&R! .)(&9+%!
(%28)2-(3%&!'%2*/2-!.%!'()8%&&+&!*%!0/?(,8/-,)2R!8)2*+,&%2-!`!*%&!(%-(/,-&!*%!.)-&!%-!%2-(/h2%2-!*%&!
'()83*+(%&!*%!2%--)Q/A%!8)t-%+&%&!9+,!%2A%2*(%2-!*%!&3(,%+&%&!'%(-%&!38)2)1,9+%&!ainsi qu’une 
'+?.,8,-3!23A/-,7%!')+(!.%&!'()*+8-%+(&! X[.%%-R!<FF=!Z!k%.&)2R!<FFE!Z![,.-%2?)(A!+%#*,-R!<FFKJ#!G%!
'.+&R!.%!(,&9+%!%&-!/88%2-+3!.)(&!*%!.b%@')(-/-,)2!*%&!'()*+,-&!7%(&!*%&!'/Q&!)m!./!8I/h2%!*+!0(),*!
%&-!1/.!1/h-(,&3%#!O2!8)2&39+%28%R!le risque d’altération fongique est!.b+2!*%&!0/8-%+(&!.,1,-/2-!./!
*+(3%!*%!7,%R!./!7/.%+(!38)2)1,9+%!%-!.b%@')(-/-,)2!*%!'()*+,-&!./,-,%(&!0%(1%2-3&#!
!
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!!!!" O)M$2%&*$&'(36$2-,)2&*$%&7)2-/1,2/-,)2%&0)2>,8+$%&
Y+,-%! `! '.+&,%+(&! 8(,&%&! &/2,-/,(%&! X%283'I/.)'/-I,%! &')2A,0)(1%! ?)7,2%R! *,)@,2%JR! ./! .3A,&./-,)2!
/.,1%2-/,(%! %+()'3%22%! /! '()0)2*31%2-! 3-3! (%1/2,3%#! g2%! 2)+7%..%! (3A.%1%2-/-,)2! (%./-,7%! `!
.bIQA,;2%! *%&! /.,1%2-&! %&-! %2-(3%! %2! /''.,8/-,)2! .%! <%(! T/27,%(! B==K#! $%! ~H/9+%-! IQA,;2%}R!
8)1')&3!*%!'.+&,%+(&!-%@-%&!.3gislatifs adoptés par l’Union Européenne,!(%')&%!&+(!+2%!/''()8I%!
globale intégrée qui s’applique à toute la chaîne alimentaire X~*%! .’3-/?.%! `! ./! -/?.%}JR! %-! ,28.+-!
donc l’industrie laitière#!L’objectif est de mettre en place!*,7%(&%&!'()83*+(%&R!/0,2!*%!'()-3A%(!.%!
8)2&)11/-%+(R!*)2-!.%!(%&'%8-!*%&!?)22%&!'(/-,9+%&!IQA,32,9+%&R!./!*31/(8I%!65>>H!X6/\/(*!
52/.Q&,&!>(,-,8/.!>)2-().!H),2-J!%-!*%&! ,2&-(+1%2-&!%00,8/8%&!')+(!A3(%(! .%&!/.%(-%&#!:,%2!9+%! .%&!
8)2-/1,2/-,)2&!0)2A,9+%&!*%&!Q/)+(-&!%-!*%&! ./,-&!0%(1%2-3&!2%!'(3&%2-%2-!'/&!*%!*/2A%(!1/T%+(!
')+(! ./! &/2-3! *%&! 8)2&)11/-%+(&R! 8%+@N8,! *),7%2-! _-(%! '()*+,-&! */2&! .%! (%&'%8-! *%&! ?)22%&!
pratiques d’hygiène.!
!
4" Bonnes pratiques d’hygiène&
$/!0/?(,8/-,)2!%-!.%!8)2*,-,)22%1%2-!*%&!'()*+,-&!./,-,%(&!0%(1%2-3&!*),7%2-!_-(%!(3/.,&3&!*/2&!.%&!
8)2*,-,)2&!.%&!'.+&!IQA,32,9+%&!%-!/&%'-,9+%&!')&&,?.%&!/0,2!*%!(%&-(%,2*(%!/+!1/@,1+1!.%&!(,&9+%&!
d’altération chimique, physique! )+! ?,).)A,9+%! XM;A.%1%2-! 4DBWB==SW>OR! B==S!Z! MQ&&-/*! /2*!
l).&-/*R! B==KJ#! >)20)(131%2-! /+@! ,2*,8/-,)2&! *+! 3';+E# *,!4+"%*&!)(! %-! /+! M;A.%1%2-!
4DBWB==SW>O!XB==SJR!./!13-I)*%!65>>H!*30,2,-R!37/.+%!%-!1/h-(,&%!.%&!*/2A%(&!9+,!1%2/8%2-!./!
&38+(,-3!*%&!*%2(3%&!/.,1%2-/,(%&!%2!'(%2/2-!2)-/11%2-!%2!8)1'-%!.%&!(,&9+%&!1,8()?,).)A,9+%&!
Xd*%-R!<FFF!Z![/Q%!/2*!$),&%/+R!B===J#!5,2&,R!./!9+/.,-3!1,8()?,).)A,9+%!*%&!Q/)+(-&!%-!*%&!./,-&!
0%(1%2-3&!%&-!8)2-(].3%!&+(!.%&!1/-,;(%&!'(%1,;(%&R!'%2*/2-!./!0/?(,8/-,)2R!&+(!.%&!'()*+,-&!0,2,&!%-!
&+(!.%&!39+,'%1%2-&#!O2!8%!9+,!8)28%(2%!&'38,0,9+%1%2-!.%!(,&9+%!*%!8)2-/1,2/-,)2!0)2A,9+%R!.%&!
&)+(8%&! ')-%2-,%..%&! *%! 8)2-/1,2/-,)2! &)2-! .%&!1/-,;(%&! '(%1,;(%&! 8)2-/1,23%&! XV),(! '/(-,%! ""#!
5.-3(/-,)2! 0)2A,9+%!*%&! Q/)+(-&R! *%&! ./,-&! 0%(1%2-3&! %-! *%&! 0()1/A%&! 0(/,&R! '/A%! SBJ!et l’air des 
&/..%&!*%! 8)2*,-,)22%1%2-!9+,!'%+-!73I,8+.%(!*%&! &')(%&#!G%&!1%&+(%&! &'38,0,9+%&! &)2-!'(,&%&! `!
8I/8+2%!*%&!3-/'%&!8(,-,9+%&!8)11%!.%!8)2-(].%!1,8()?,).)A,9+%!*%&!1/-,;(%&!'(%1,;(%&!/T)+-3%&!
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!/+@!Q/)+(-&!%-!/+@!./,-&!0%(1%2-3&!X'(3'/(/-,)2&!/+@!0(+,-&J!%-!.%!8)2-(].%!*%&!&Q&-;1%&!*%!0,.-(/-,)2!
d’air *%&!&/..%&!*%!8)2*,-,)22%1%2-!X:3/.!/2*!Y)*,2,R!B==EJ#!
!
9" @(/,-$1$2-%&'RM%,8+$%&
".! %@,&-%! *,003(%2-&! -(/,-%1%2-&! ')+(! .+--%(! 8)2-(%! .%! *37%.)''%1%2-! *%! 1,8())(A/2,&1%&!
indésirables. Leur objectif est d’éviter le développement microbien et d’étendre!/,2&,!./!*+(3%!*%!
7,%! *+! '()*+,-! %2! /&&+(/2-! &/! &/.+?(,-3! %-! &/! &-/?,.,-3! 1,8()?,%22%R! -)+-! %2! 8)2&%(7/2-! &%&!
'()'(,3-3&!)(A/2).%'-,9+%&! %-!2+-(,-,)22%..%&! XG%7.,%AI%(%! +%# *,-R! B==SJ#!>%&! -(/,-%1%2-&!'%+7%2-!
*3-(+,(%! '/(-,%..%1%2-! )+! -)-/.%1%2-! .%&! 1,8())(A/2,&1%&R! /A,(! &+(! .%+(! 8(),&&/28%! %2! ./!
ralentissant ou en l’inhibant comp.;-%1%2-R!1%2/2-!/,2&,!`! .%+(! ,2/8-,7/-,)2!)+!`! .%+(!1)(-!)+!
limiter l’accès des microorganismes aux produits!Xi)+.*R!<FFK!Z!$%,&-2%(R!B===J#!$/!'.+'/(-!*%&!
-(/,-%1%2-&!~!?/((,;(%&!}!T)+%2-!&+(!./!-%1'3(/-+(%!X0)(-%!*,1,2+-,)2!)+!0)(-%!/+A1%2-/-,)2JR!&+(!./!
baisse de pH ou de l’activité de l’eau, sur le potentiel redox, ou sur la modification de 
l’atmosphère (i)+.*R! <FFDJ#! ".&! /.-;(%2-! .%&! &-(+8-+(%&! 8%..+./,(%&! %-W)+! .%&! 0)28-,)2&!
physiologiques en ciblant la membrane, l’ADN ou les enzymes importantes des 8%..+.%&! 8,?.%&!
X$/*)!/2*!P)+&%0R!B==BJ#!
!
$/!'/&-%+(,&/-,)2!%-!./!&-3(,.,&/-,)2!`!+.-(/!I/+-%!-%1'3(/-+(%!Xg6UJ!)2-!')+(!)?T%8-,0!*%!(3*+,(%!
'/(-,%..%1%2-! )+! -)-/.%1%2-! ./! 8I/(A%! 1,8()?,%22%! *+! ./,-R! %2! /.-3(/2-! .%! 1),2&! ')&&,?.%! &%&!
'()'(,3-3&! )(A/2).%'-,9+%&! %-! 2+-(,-,)22%..%&! X$/*)! /2*! P)+&%0R! B==BJ#! O..%&! 8)2&,&-%2-! `!
&)+1%--(%!.%!'()*+,-!`!+2%!I/+-%!-%1'3(/-+(%!'%2*/2-!+2%!8)+(-%!*+(3%R!'/(!%@%1'.%!L=!`!LDw>!
'%2*/2-! <D! `! S=! &! ')+(! ./! '/&-%+(,&/-,)2! I/+-%! )+! 4D! `! FDw>! '%2*/2-! <! `! B! &! ')+(! ./! 0./&I!
'/&-%+(,&/-,)2! XMQ&&-/*! /2*!l).&-/*R! B==KJ#!>%'%2*/2-! .%! -(/,-%1%2-! -I%(1,9+%! .%!'.+&! 8)+(/2-!
')+(!./!'(3'/(/-,)2!*%&!Q/)+(-&!%-!./,-&!0%(1%2-3&!%&-!+2%!8)1?,2/,&)2!-%1'&N-%1'3(/-+(%!*%!DNL!
1,2!`!FBw>#!C/,&!&%.)2!.%&!,2&-/../-,)2&R!)2!'%+-!/+&&,!&)+1%--(%!.%!./,-!`!+2!8I/+00/A%!*%!E=!1,2!
`!4Dw>!X:3/.!/2*!Y)*,2,R!B==EJ#!$/!&-3(,.,&/-,)2!'/(!g6UR!(3/.,&3%!')+(!.%!./,-!`!?),(%R!%&-!9+/2-!`!
elle obtenue par application d’un flux continu de chaleur pendant une courte période (+2%!
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!-%1'3(/-+(%!1,2,1+1!*%!<EDw>!'%2*/2-!/+!1),2&!<&J#!G%&!-%8I2).)A,%&!'.+&!*)+8%&!-%..%&!9+%!./!
1,8()0,.-(/-,)2! '%+7%2-! (%1'./8%(! )+! _-(%! /**,-,)223%&! `! ./! &-3(,.,&/-,)2! -I%(1,9+%! /0,2! *%!
'().)2A%(!./!*+(3%!*%!8)2&%(7/-,)2!*+!./,-!XMQ&&-/*!/2*!l).&-/*R!B==KJ#!
!
G%&! technologies d’inactivation no2! -I%(1,9+%R! -%..%&! 9+%! ./! I/+-%! '(%&&,)2! IQ*()&-/-,9+%!
X9+%.9+%&!8%2-/,2%&!*%!CH/J!%-!.%&!8I/1'&!3.%8-(,9+%&!'+.&3&!X,1'+.&,)2&!*%!8I/1'!3.%8-(,9+%!*%!
0)(-%&! ,2-%2&,-3&! XD!`!DD!aVW81J!'%2*/2-!9+%.9+%&!1,..,&%8)2*%&JR!)2-!3-3!37/.+3%&! &+(!*%&! ./,-&!
%2-,%(&! %-! 38(313&! ainsi que sur des yaourts mais ne sont pas utilisées à l’échelle industrielle!
Xi)+.*R!<FFK!Z!6%,2\!+%#*,-R!B==<!Z!$/*)!/2*!P)+&%0R!B==B!Z!U(+T,..)!+%#*,-R!B==B!Z!G%7.,%AI%(%!+%#
*,-R!B==SJ#!!
!
$/!1)*,0,8/-,)2!*%!./!-%2%+(!%2!)@QA;2%!*/2&!+2!'()*+,-!'%(1%-!3A/.%1%2-!*%!(3*+,(%!.%&!(,&9+%&!
*%! 8)2-/1,2/-,)2&! 1,8()?,%22%&#! G%&! %1?/../A%&! &)+&! /-1)&'I;(%! 1)*,0,3%! )2-! /,2&,! 3-3!
*37%.)''3&R!*/2&!.%!but d’exclure ou de fortement réduire les niveaux d’oxygène pour empêcher 
./! 8(),&&/28%! *%! 1,8())(A/2,&1%&! /3()?,%&#! $%! 8)2*,-,)22%1%2-! &)+&! /-1)&'I;(%! 1)*,0,3%!
X1)*,0,%*!/-1)&'I%(%!'/8a/Aing ou MAP) va consister à remplacer l’air dans l’emballage par un 
A/\!)+!+2!13./2A%!A/\%+@! X>dBR!kBJ! -/2*,&!9+’un emballage! &)+&N7,*%!7/!'%(1%--(%!*%! (%-,(%(!
-)+&! .%&! A/\! '(3&%2-&! XG%7.,%AI%(%! +%# *,-R! B==SJ#! $%! *,)@Q*%! *%! 8/(?)2%! '(3&%2-%! +2%! /8-,7,-3!
/2-,1,8()?,%22%! *%! *%+@! -Q'%&!n! %2! (%1'./j/2-! .%! *,)@QA;2%R! d’une part, ,.! 7/! %1'_8I%(! .%!
*37%.)''%1%2-!*%&!1,8())(A/2,&1%&!/3()?,%&!&-(,8-&!%-! &/!*,&&).+-,)2R!d’autre part, condui-!`! ./!
formation d’un anion bicarbonate et d’autres espèces chimiques potentiellement toxiques!')+(!.%&!
8%..+.%&! 1,8()?,%22%&! Xi)+.*R! <FFKJ#! $%&! %1?/../A%&! &)+&N7,*%! %-! `! /-1)&'I;(%! 1)*,0,3%!
présentent le double avantage d’empêcher les microorganismes présents dans l’air de se 
*37%.)''%(! &+(! .%! '()*+,-R! %-! *%! .,1,-%(! .%&! 38I/2A%&! A/\%+@! &+&8%'-,?.%&! *%! 0/7)(,&%(! .%!
développement de la flore pathogène ou d’altération éventuellement déjà présente dans le 
'()*+,-#!L’atmosphère peut également être modifiée en jouant sur son taux d’humidité. En effet, 
plus l’activité de l’eau est élevée, plus une flore indésirable est susceptible de s’y développer. 
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!Certains emballages de fromages peuvent donc absorber l’humidité afin de limiter le 
*37%.)''%1%2-!*%!1,8())(A/2,&1%&!8)2-/1,2/2-&!XV%(1%,(%2!+%#*,-R!<FFFJ#!
!
Il est important d’assurer la stabilité microbiologique des produits durant leur distribution et leur 
&-)8a/A%#!5+!8)+(&!*%!8%&!3-/'%&R!.%!1/,2-,%2!*%!./!8I/h2%!*+!0(),*!%&-!*)28!,2*,&'%2&/?.%!')+(!.%&!
'()*+,-&!0(/,&!-%.&!9+%!.%&!Q/)+(-&!%-!.%&!./,-&!0%(1%2-3&#!$/!'.+'/(-!*%&!1,8())(A/2,&1%&!)2-!+2%!
croissance ralentie, voire inhibée, à basse température, tandis qu’une température trop élevée peut 
1%2%(!`!+2%!8(),&&/28%!(/',*%!*%&!37%2-+%.&!8)2-/1,2/2-&!%-!*3-3(,)(%(!.%!'()*+,-!-(;&!(/',*%1%2-!
XV,.T)%2! +%# *,-R! B==EJ#! $%&! Q/)+(-&! %-! .%&! ./,-&! 0%(1%2-3&! *),7%2-! *)28! _-(%! 8)2&%(73&! `! +2%!
-%1'3(/-+(%!,203(,%+(%!)+!3A/.%!`!Kw>!')+(!/7),(!+2%!G$>!*%!BS!T)+(&!/'(;&!0/?(,8/-,)2!XMQ&&-/*!
/2*!l).&-/*R!B==KJ#!!
C/.I%+(%+&%1%2-R! -)+&! 8%&! -(/,-%1%2-&! &%! (37;.%2-! '/(0),&! _-(%! ,2&+00,&/2-&! %-! 238%&&,-%2-!
l’addition de ou le remplacement par des conservateurs chimiques. !
!
;" ;)2%$(6/-$+(%&7R,1,8+$%&
$%&!/8,*%&!)(A/2,9+%&!X&)(?,9+%!xOB==yR!/83-,9+%!xOBK=yR!./8-,9+%!xOBL=y!%-!'()',)2,9+%!xOB4=yJR!
.%&!&)(?/-%&R!.%&!?%2\)/-%&!X?%2\)/-%!*%!&)*,+1!xOB<<yJR!quelques esters d’acides gras tels que la 
1)2)./+(,2%! )+! %28)(%! 8%(-/,2&! 8)1')&3&! 'I32).,9+%&R! 0)2-! '/(-,%! *%&! 8)2&%(7/-%+(&! .%&! '.+&!
8)11+231%2-! +-,.,&3&! */2&! .%! ./,-! %-! .%&! '()*+,-&! ./,-,%(&! 0%(1%2-3&! Xi)+.*R! <FFK!Z! G/7,*&)2R!
B==<!Z!Y1,-I!/2*!6)2ANYI+1R!B==EJ#!k3/21),2&R!8%./!%&-!&+(-)+-!7(/,!')+(!.%&!0()1/A%&!/00,23&R!
%-! 9+%.9+%&! 0()1/A%&!2)2!/00,23&! XG,(%8-,7%!FDWBW>OR!<FFDJ#!L’addition de conservateurs dans!
.%&!Q/)+(-&!%-!.%&!./,-&!0%(1%2-3&!n’%&-!9+/2-!`!%..%!'/&!/+-)(,&3%!'/(!./!.3A,&./-,)2#!>%'%2*/2-R!,.&!
'%+7%2-!_-(%!/88%'-3&!*/2&!.%&!,2A(3*,%2-&!2)2!./,-,%(&!9+,!Q!&)2-!/T)+-3&!-%.&!9+%!.%&!0(+,-&!)+!.%&!
'(3'/(/-,)2&!/+@!0(+,-&!X>)*%@!5.,1%2-/(,+&!>)11,&&,)2R!B==EJ#!$%!&)(?/-%!*%!&)*,+1!XOB=<JR!.%!
&)(?/-%!*%!')-/&&,+1! XOB=BJ! %-! .%! &)(?/-%!*%! 8/.8,+1!XOB=EJ!'/(! %@%1'.%R! &)2-! +-,.,&3&!')+(! ./!
8)2&%(7/-,)2! *%! 0(+,-&! ,28)(')(3&! */2&! *%&! Q/)+(-&#! $%&! &)(?/-%&! &)2-! .%&! /2-,1,8()?,%2&!
/.,1%2-/,(%&! .%&!1,%+@! 8/(/8-3(,&3&#! ".&! ,2I,?%2-! .%&! .%7+(%&! %-! .%&!1),&,&&+(%&! %-! &)2-! 3A/.%1%2-!
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!8)22+&! ')+(! ,2I,?%(R! */2&! 8%(-/,2&! 8/&R! ./! '()*+8-,)2! *%! 1Q8)-)@,2%&! XG/7,*&)2R! B==<J#!
L’utilisation du peroxyde d’hydrogène, 9+,! ,2*+,-! %2-(%! /+-(%&! *%&! *)11/A%&! /+! 2,7%/+! *%!
l’ADN,!/!3-3!'()')&3%!8)11%!1)Q%2!*%!'/&-%+(,&/-,)2!'+,&!*%!8)2&%(7/-,)2!*+!./,-!X$8aR!<FKK!Z!
:(+.! /2*! >))-%R! <FFF!Z! G/7,*&)2R! B==<) et est effective dans du matériel d’emballage, à une 
8)28%2-(/-,)2!*%!ED!o!%-!%2!8)1?,2/,&)2!/7%8!./!8I/.%+(!XMQ&&-/*!/2*!l).&-/*R!B==KJ#!!
!
>%(-/,2&!/2-,?,)-,9+%&!)+!?/8-3(,)8,2%&!&)2-!3A/.%1%2-!+-,.,&3&R!'/(!'()*+8-,)2!!"#(!%)R!&)+&!0)(1%!
'+(,0,3%R! &%1,N'+(,0,3%R! 8)28%2-(3%!)+!&Q2-I3-,9+%R!')+(! ./!8)2&%(7/-,)2!*%&!/.,1%2-&#!$/!2,&,2%!
XOBESJ! %&-! ./! ?/8-3(,)8,2%! ./! 1,%+@! 8)22+%#! O..%! %&-! +-,.,&3%! */2&! 8%(-/,2&! '()*+,-&! ./,-,%(&!
X>.%7%./2*!+%#*,-R!B==<!Z!M)&&!+%#*,-R!B==BJ!1/,&!2%!&%(/!'/&!*3-/,..3%!,8,!8/(! .’activité /2-/A)2,&-%!
*%&!?/8-3(,)8,2%&!&%!.,1,-%!/+@!?/8-3(,%&#!H/(!8)2-(%R!./!2/-/1Q8,2%!XOBEDJ, produite par l’espèce 
?/8-3(,%22%!=%&+5%'46/+(#"*%*,+"(!(!%&-!+2!/2-,?,)-,9+%!9+,!')&&;*%!*%&!'()'(,3-3&!/2-,0)2A,9+%&#!Y/!
0)(1%! '+(,0,3%! %&-! /+-)(,&3%! ')+(! +2%! +-,.,&/-,)2!*/2&! .%&! 0()1/A%&! X'(,28,'/.%1%2-! 0()1/A%&! `!
'f-%! *+(%R! 1/,&! 3A/.%1%2-! &%1,N*+(%! %-! &%1,N1)..%J! 8)2-(%! .%&! 1),&,&&+(%&R! `! +2%! *)&%! *%!
<1AW*1B! *%! &+(0/8%! X/?&%2-! `!D!11!*%!'()0)2*%+(J! XG,(%8-,7%!FDWBW>OR!<FFD!Z!Y8I2(%(! /2*!
C/A2+&&)2R!B==D!Z!G)Q.%!/2*!:+&-/R!B==KJ#!!
!
G%!'.+&R! ,.! %@,&-%!*%&!%1?/../A%&!)+!(%7_-%1%2-&!*,-&!?,)/8-,0&!*/2&! .%&9+%.&! &)2-! ,2-()*+,-&!*%&!
8)1')&3&!`!/8-,7,-3!/2-,1,8()?,%22%!9+,!*,00+&%2-!*/2&!.%!'()*+,-!%-!*)2-!.%!?+-!%&-!*%!.%!'()-3A%(!
des développements d’une flore pathogène ou d’altération XH(,7/-!/2*!UI)2/(-R!B=<<). D’après le 
M;A.%1%2-! <FEDWB==SW>O! XB==SJR! .%&! %1?/../A%&! /8-,0&! &)2-! *%&-,23&! `! '().)2A%(! ./! *+(3%! *%!
8)2&%(7/tion ou à maintenir ou améliorer l’état de denrées alimentaires emballées. Ils sont conçus 
*%!0/j)2!`!,28)(')(%(!*3.,?3(31%2-!*%&!8)2&-,-+/2-&!9+,!.,?;(%2-!)+!/?&)(?%2-!*%&!&+?&-/28%&!*/2&!
.%&!*%2(3%&!/.,1%2-/,(%&!%1?/..3%&#!
Ce système a l’avantage de ne p/&!/.-3(%(! .%&!'()'(,3-3&!)(A/2).%'-,9+%&!*+!'()*+,-#!G+/2!+%#*,-!
XB==LJ!ont montré l’effet inhibiteur de films et revêtements composites, à base de chitosane, ayant 
*%&! '()'(,3-3&! /2-,1,8()?,%22%&! 8,?./2-! ?/8-3(,%&! %-! 8I/1',A2)2&R! %-! *%! .Q&)\Q1%R! ,2I,?/2-!
2)-/11%2-!3,*;'(5'&!)4!&''#!*/2&!./!C)\\/(%../#!L’activité de certaines ?/8-3(,)8,2%&!-%..%&!9+%!
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!./! 2,&,2%R! ./! '3*,)8,2%! )+! ./! ./8-,8,2%! /! 3A/.%1%2-! 3-3! 37/.+3%! /'(;&! ,28)(')(/-,)2! */2&! *%&!
%1?/../A%&!')+(!0()1/A%&!XV%(1%,(%2!+%#*,-R!<FFF!Z!G%7.,%AI%(%!+%#*,-R!B==SJ#!!
!
D" ;)27$'-&*$&-$7R2).)>,$&*$%&</((,:($%&
$%&! *,003(%2-%&! 13-I)*%&! *%! 8)2&%(7/-,)2R! +-,.,&3%&! &%+.%&R! 1_1%! `! 0)(-%! *)&%R! 2%! &)2-! '/&!
-)+T)+(&! &+00,&/2-%&! ')+(! A/(/2-,(! ./! &38+(,-3! *%&! /.,1%2-&R! %..%&! '%+7%2-! 1_1%! %2A%2*(%(! *%&!
*3-3(,)(/-,)2&! 2+-(,-,)22%..%&! %-W)+! )(A/2).%'-,9+%&#! $’application combinée de différents 
0/8-%+(&! *%! 8)2&%(7/-,)2! %&-! ?%/+8)+'! '.+&! %00,8/8%#! $%! 8)28%'-! *%! -%8I2).)A,%! *%&! ?/((,;(%&! /!
')+(! '(,28,'%! *%! 1+.-,'.,%(! .%&! %00%-&! ?/((,;(%&! /0,2! *b/13.,)(%(! ./! &-/?,.,-3! 1,8()?,%22%! %-! .%&!
8/(/8-3(,&-,9+%&! )(A/2).%'-,9+%&R! 2+-(,-,)22%..%&! %-! 38)2)1,9+%&! *%&! /.,1%2-&! %2! +-,.,&/2-!
*,003(%2-%&!13-I)*%&!*)+8%&!X$%,&-2%(R!B===!Z!H(,7/-!/2*!UI)2/(-R!B=<<J#!>%..%&N8,!'%+7%2-!*)28!
/A,(! %2! &Q2%(A,%! %-! 8,?.%(! *,003(%2-%&! &-(+8-+(%&! )+! 0)28-,)2&! 8%..+./,(%&! /+! &%,2! *%! ./! 8%..+.%!
1,8()?,%22%!/--/9+3%!X1%1?(/2%!8%..+./,(%R!5GkR!&Q&-;1%&!%2\Q1/-,9+%&R!'6R!%-8#J!9+,!'(3&%2-%!
/.)(&!?%/+8)+'!'.+&!*%!*,00,8+.-3!`!(3/A,(!%-!&+(1)2-%(!8I/9+%!%00%-!?/((,;(%!X$%,&-2%(R!B===J#!$/!
-%8I2).)A,%!*%&!?/((,;(%&!/!'()+73!&)2!%00,8/8,-3!')+(!./!8)2&%(7/-,)2!*%&!/.,1%2-&!%-!%..%!'(3&%2-%!
2)-/11%2-! +2! 0)(-! ,2-3(_-! ')+(! .%&! /.,1%2-&! '%+! -(/2&0)(13&R! '%+! 8I/+003&! )+! 0%(1%2-3&!
X$%,&-2%(R!B===J#!$/!?,)N8)2&%(7/-,)2R!9+,!%&-!+2%!13-I)*%!*%!8)2&%(7/-,)2!2/-+(%..%R!-,%2-!-)+-!`!
0/,-! &/! './8%! */2&! 8%! 8)28%'-#!5&&)8,3%! `! +2! )+! '.+&,%+(&! -(/,-%1%2-&! '(3/./?.%&! *+! '()*+,-! /+!
8)+(&!*%!&/!0/?(,8/-,)2R!&)2!%00,8/8,-3!')+((/,-!_-(%!)'-,1/.%#!!
!
G" 9,)S7)2%$(6/-,)2&*$%&M/)+(-%&$-&*$%&./,-%&0$(1$2-3%&
H.+&,%+(&! 0/8-%+(&! -%2*%2-! `! .,1,-%(! .’efficacité et en conséquence l’utilisation de&! 8)2&%(7/-%+(&!
8I,1,9+%&! */2&! .%&! '()*+,-&! ./,-,%(&! 0%(1%2-3&. Il s’agit, d’une part, de l’augmentation de la 
(3&,&-/28%!*%&!8I/1',A2)2&!/+@!/A%2-&!*%!8)2&%(7/-,)2R!2)-/11%2-!%27%(&!.%&!/8,*%&!)(A/2,9+%&!
%-! .%! peroxyde d’hydrogène (:(+.! /2*! >))-%R! <FFFJ#! $/! 8(),&&/28%! *%! 2)1?(%+&%&! %&';8%&! *%!
:+"!/!,,!)4R! =*//0*&'46/+(! %-!V69'(*//0*&'46/+(! par exemple n’est pas inhibée par le sorbate de 
')-/&&,+1R! %-! *%! 2)1?(%+&%&! 1),&,&&+(%&! '%+7%2-! 1_1%! *3A(/*%(! .%! &)(?/-%! XV,.T)%2R! B==<J#!
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!>%(-/,2%&!%&';8%&!-%..%&!9+%!V-#7*!,!!!&)2-!(3&,&-/2-%&!`!*%!0)(-%&!8)28%2-(/-,)2&!%2!/8,*%!?%2\)e9+%!
XG/7,*&)2R! B==<!Z! H,--! /2*! 6)8a,2AR! B==FJ#! D’autres! .%7+(%&R! 8)11%! M+7*&6'46/+(# 0*"(+"!!R!
'%+7%2-! /+&&,! (3&,&-%(! /+@! *3&,20%8-/2-&! 8I,1,9+%&! +-,.,&3&! */2&! .%&! %27,()22%1%2-&! ./,-,%(&!
XV,.T)%2R! B==<J#! ".! %&-! 3A/.%1%2-! 0(39+%2-! 9+%! *%! 0)(-%&! %@')&,-,)2&! `! *%&! '6! ?/&! 0/7)(,&%2-!
l’adaptation des microorganismes contaminants aux acides organiques (G/7,*&)2R!B==<). D’autre 
'/(-R! .%&! .3A,&./-,)2&!/.,1%2-/,(%&R!$!*! .%&!G,(%8-,7%&!4FW<=LW>OO!X<F4FJ!%-!FDWBW>O!X<FFDJR!/+!
2,7%/+!%+()'3%2R!%-!$!*!.%!G38(%- 2w4FNKLS!*+!<4!&%'-%1?(% 1989 et l’Arrêté *+!B )8-)?(%!<FFL!`!
l’échelle de la France, qui réglementent l’utilisation des additifs (dont les conservateu(&!
chimiques) dans les denrées destinées à l’alimentation humaineR!limitent l’autorisation de certains 
8)2&%(7/-%+(&! 8I,1,9+%&#! >%8,! 8)2*+,-! .%&! ,2*+&-(,%.&! `! -()+7%(! *%! 2)+7%..%&! 13-I)*%&! *%!
8)2&%(7/-,)2#!H.+&,%+(&!)'-,)2&!&)2-!/8-+%..%1%2-!*,&')2,?.%&R!-elles que l’utilisation de composés 
2/-+(%.&!%-W)+!*%!8+.-+(%&!'()-%8-(,8%&!&%.)2!.%!-Q'%!*%!'()*+,-&#!
!
$/! ?,)N8)2&%(7/-,)2! a pour objectif d’allonger la durée de vie de l’aliment et d’améliorer sa 
sécurité par l’usage de microorganismes et/ou de leurs mét/?).,-%&! &3.%8-,)223&! ')+(! .%+(!
8/'/8,-3!`!,2I,?%(!./!8(),&&/28%!*%!1,8())(A/2,&1%&!,2*3&,(/?.%&!XM)&&!+%#*,-R!B==BJ#!
$/! 1/T)(,-3! *%&! 8)1')&3&! /2-,1,8()?,%2&! &)2-! *%&! '%'-,*%&! (,?)&)1,9+%&! &Q2-I3-,&3&! '/(! .%&!
1/11,0;(%&R!.%&!),&%/+@R!.%&!/1'I,?,%2&R!.%&!,2&%8-%&R!.%&!'./2-%&!%-!.%&!1,8())(A/2,&1%&!Xk,&&%2N
C%Q%(!/2*!k%&R!<FFL!Z!Y8I2(%(!/2*!C/A2+&&)2R!B==DJ#!:eaucoup d’agents antimicrobiens sont 
/+&&,!2/-+(%..%1%2-!'(3&%2-&!*/2&!.%&!/.,1%2-&R!1/,&!*/2&!*%!2)1?(%+@!8/&R!.%+(!8)28%2-(/-,)2!%&-!
-()'! 0/,?.%! ')+(! l’obtention d’une activité inhibitrice suffisante#! G%! '.+&R! ,.! %&-! *,00,8,.%! *%! .%&!
'+(,0,%(! %-! *%! .%&! ,2-3A(%(! */2&! +2%! *%2(3%! /.,1%2-/,(%! &/2&! %2! /.-3(%(! .%&! '()'(,3-3&!
)(A/2).%'-,9+%&! %-! .%&! 8/(/8-3(,&-,9+%&! 2+-(,-,)22%..%&! XY)0)&! +%# *,-R! <FF4!Z! G/7,*&)2R! B==<J#! $/!
7/2,..,2%R! '/(! %@%1'.%R! +-,.,&3%! 8)11%! /A%2-! /()1/-,&/2-! */2&! *%&! Q/)+(-&R! ,2I,?%!M-# 0*"(+"!!R!
=-#/+&+$!(!*+! %-! V-# 7*!,!!! XG/7,*&)2R! B==<J#! >%..%N8,! /! 1)2-(3! &)2! %00,8/8,-3! `! +2%! 8)28%2-(/-,)2!
8)1'(,&%! %2-(%! <===! %-! B===! ''1! */2&! *%&! Q/)+(-&! /+@! 1Q(-,..%&! 9+,! &)2-! *%&! 0(+,-&!
'/(-,8+.,;(%1%2-! &%2&,?.%&! /+@! 8)2-/1,2/-,)2&! 0)2A,9+%&! %-! &+'')(-/2-! 1/.! .%&! -(/,-%1%2-&!
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!-I%(1,9+%&! XH%22%Q! +%# *,-R! B==SJ#! k3/21),2&R! +2%! -%..%! 8)28%2-(/-,)2! *%! 7/2,..,2%! 3-/,-!
'(3T+*,8,/?.%!/+!2,7%/+!)(A/2).%'-,9+%#!
!
<# !52-,0)2A,9+%&!2/-+(%..%1%2-!'(3&%2-&!*/2&!.%&!'()*+,-&!./,-,%(&!!
$%! ./,-! X%-! .%! 8).)&-(+1J! *%&! 1/11,0;(%&! /! ')+(! 0)28-,)2! *%! 2)+((,(! .%! 2)+7%/+N23! 1/,&!
3A/.%1%2-! *%! .+,! '()8+(%(! +2%! '()-%8-,)2! ,11+2,-/,(%! 8)2-(%! .%&! /A%2-&! '/-I)A;2%&! *%!
l’%27,()22%1%2-#! ".! 8)2-,%2-! *)28! +2%! ./(A%! A/11%! *%! '()-3,2%&! %-! '%'-,*%&! /+@! '()'(,3-3&!
/2-,1,8()?,%22%&!Xl)(I)2%2!+%#*,-R!B===!Z!l/2p/(!+%#*,-R!B==FJ#!
!
Le lysozyme est une muraminidase présente dans les blancs d’œufs, les figues et le lait des 
1/11,0;(%&!X6).\/'0%.!+%#*,-R!<FFD!Z!G%7.,%AI%(%!+%#*,-R!B==SJ#!>%--%!%2\Q1%!8.,7%!.%&!.,/,&)2&!βN<N
SNA.Q8)&,*,9+%&!%2-(%! ./!kN/83-Q.NA.+8)&/1,2%!%-! .b/8,*%!kN/83-Q.N1+(/1,9+%!*+!'%'-,*)A.Q8/2%!
Xl/2p/(! +%# *,-R! B==FJR! %..%! n’est donc active que contre les bactéries! %-! 1/T)(,-/,(%1%2-! .%&!
?/8-3(,%&! i(/1! ')&,-,0! Xl/2p/(! +%# *,-R! B==FJ#! >%'%2*/2-R! .)(&9+%! *%! l’/8,*%! 3-IQ.;2%! *,/1,2%!
-3-(/N/83-,9+%! XOGU5J! %&-! /T)+-3! /+! .Q&)\Q1%R! 8%.+,N8,! '%+-! _-(%! /8-,0! 8)2-(%! .%&! 8I/1',A2)2&#!
C/,&R!%2!(/,&)2!*%!&/!0/,?.%!/8-,7,-3!*/2&!.%&!0()1/A%&R!.%!.Q&)\Q1%!%&-!&+(-)+-!+-,.,&3!%2!-/2-!9+%!
composant d’emballages antimicrobiens (G/7,*&)2R!B==<J!XV),(!'/(-,%!"""#!C)Q%2&!*%!'(37%2-,)2!
*%&!8)2-/1,2/-,)2&!0)2A,9+%&R!'/A%!D=J#!!
!
$/! ./8-)0%((,2%!%&-!+2%!'()-3,2%!%2-(/2-!*/2&! ./!8)1')&,-,)2!*+! ./,-! %-!')&&3*/2-!*%&!'()'(,3-3&!
/2-,1,8()?,%22%&#! >%--%! 1).38+.%! 8/'-%! .%! 0%(! %&&%2-,%.! `! ./! 8(),&&/28%! 2)(1/.%! *%! 2)1?(%+@!
1,8())(A/2,&1%&R!%-!%&-!/''()+73%!')+(!_-(%!+-,.,&3%!*,(%8-%1%2-!*/2&! .%&!/.,1%2-&!XC+(*)8a!+%#
*,-R!B==LJ#!Y)2!/8-,7,-3!/2-,0)2A,9+%!/!3-3!*31)2-(3%!8)2-(%!'.+&,%+(&!%&';8%&!*+!A%2(%!3*";!;*!
Xc%2&&%2!/2*!6/28)8aR! B==FJ#!g2!8.,7/A%!'()-3).Q-,9+%!*%! 8%--%!1).38+.%!'%+-! /+&&,!*)22%(! ./!
./8-)0%((,8,2%!:R! 9+,R! %..%R! ')&&;*%!+2%! '.+&! A(/2*%! /8-,7,-3! /2-/A)2,&-%! X6).\/'0%.! +%# *,-R! <FFD!Z!
l/2p/(!+%#*,-R!B==FJ#!!
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!$/! ./8-)'%()@Q*/&%!%&-!+2%!'()-3,2%!`!'()'(,3-3&!/2-,1,8()?,%22%&!3A/.%1%2-! (%-()+73%!*/2&! .%!
./,-! Xl/2p/(! +%# *,-R! B==FJ! %-! 9+,! '(3&%2-%! +2%! /8-,7,-3! )'-,1/.%! %2! '(3&%28%! *%! '%()@Q*%!
d’hydrogène et de thiocyanate. Une fois activée dans le lait, cette enzyme! )@Q*%! .%&! A()+'%&!
&+.0IQ*(Q.%&! *%&!'()-3,2%&! ?/8-3(,%22%&#!>%'%2*/2-R! %..%! '%+-! /+&&,! /A,(! &+(! .%&! 8I/1',A2)2&! %-!
/7),(!*%&!%00%-&!/2-/A)2,&-%&!&+(!.%+(!8(),&&/28%!%-!&+(!./!'()*+8-,)2!*%!1Q8)-)@,2%&!X6).\/'0%.!+%#
*,-R!<FFD!Z!:(+.!/2*!>))-%R!<FFF!Z!G/7,*&)2R!B==<!Z!Y%,0+!+%#*,-R!B==DJ#!$%!&Q&-;1%!./8-)'%()@Q*/&%!
entraîne l’inhibition de certaines enzymes, ainsi qu’une perte du potentiel 3.%8-()8I,1,9+%!%-!+2%!
,2I,?,-,)2!*+!-(/2&')(-!*%&!&+8(%&!%-!*%&!/8,*%&!/1,23&! XG/7,*&)2R!B==<J#!Y)2!/8-,7,-3!'%+-!_-(%!
(%-()+73%! */2&! .%&! '()*+,-&! ./,-,%(&! 0%(1%2-3&! '+,&9+%! 8%(-/,2%&! ?/8-3(,%&! ./8-,9+%&! '()*+,&%2-!
suffisamment de peroxyde d’hydrogène pour activer le système lactoperoxydase#!>%'%2*/2-R!.%&!
0%(1%2-&!./8-,9+%&!-I%(1)'I,.%&!Q!3-/2-!&%2&,?.%&, on l’utilise plut]-!')+(!./!'(3&%(7/-,)2!*%&!./,-&!
8(+&!%-!'/&-%+(,&3&R!surtout en l’absence de réfrigération pendant le transport et/ou le stockage#!
5,2&,R! ./! [3*3(/-,)2! ,2-%(2/-,)2/.%! *%! ./,-%(,%! /! '+?.,3! +2! A+,*%! ')+(! .b+-,.,&/-,)2! *+! &Q&-;1%!
./8-)'%()@Q*/&%!')+(!./!8)2&%(7/-,)2!*+!./,-!8(+!%2!'/(-,8+.,%(!%2!.b/?&%28%!*%!(30(,A3(/-,)2!X"G[R!
<F44!Z!Y%,0+!+%#*,#R!B==DJ#!!
!
$%&! ,11+2)A.)?+.,2%&! *+! ./,-! '(3&%2-%2-! 3A/.%1%2-! *%&! /8-,7,-3&! /2-,1,8()?,%22%&R! *)2-! .%!
mécanisme d’action reste 23/21),2&!1/.!*30,2,R!1/,&!9+,!&%1?.%2-!/A,(!&+(-)+-!&+(!.%&!?/8-3(,%&!
Xl)(I)2%2! +%# *,-R! B===!Z! l/2p/(! +%# *,-R! B==FJ#! G%! '.+&R! 8%(-/,2%s études ont montré qu’elles 
')+7/,%2-! ,2I,?%(! ./! 8(),&&/28%! *%! 0%(1%2-&! ./,-,%(&! Xl)(I)2%2! +%# *,-R! B===J! et qu’elles sont de 
-)+-%! 0/j)2!1/T)(,-/,(%1%2-!'(3&%2-%&!*/2&! .%!8).)&-(+1#!>I%\! ./!7/8I%R! .%&! ,11+2)A.)?+.,2%&!
i<R!1/T)(,-/,(%&R! &)2-! `!+2%! 8)28%2-(/-,)2!*%! S4!AW.! */2&! .%! 8).)&-(+1!%-! `! &%+.%1%2-! =RK! AW.!
*/2&!.%!./,-!Xl/2p/(!+%#*,-R!B==FJ#!
 
U)+&! 8%&! 8)1')&3&! '()-3,9+%&! '%+7%2-! /A,(! *%! 0/j)2! &Q2%(A,9+%! %-! /,2&,! augmenter l’effet 
/2-,1,8()?,%2!Xl)(I)2%2!+%#*,-R!B===!Z!l/2p/(!+%#*,-R!B==FJ#!
!
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!B# >+.-+(%&!'()-%8-(,8%&!!
$%&! 1,8())(A/2,&1%&! +-,.,&3&! 8)11%! /A%2-&! /2-,1,8()?,%2&! '%+7%2-! _-(%! ,2,-,/.%1%2-! '(3&%2-&!
*/2&! .%&! /.,1%2-&! Xmicroorganismes d’acidification ou d’affinageJ! )+! Q! _-(%! /T)+-3&!
intentionnellement. L’activité antimicrobienne peut être due aux ferments, dont l’activité 
'(,28,'/.%! %&-! *%! 0%(1%2-%(! .%! '()*+,-R! )+! `! +2%! 8+.-+(%! '()-%8-(,8%R! *30,2,%! 8)11%! 3-/2-! +2%!
8+.-+(%!/2-/A)2,&-%!/T)+-3%!`!+2!'()*+,-!/.,1%2-/,(%!')+(!,2I,?%(!.%&!1,8())(A/2,&1%&!'/-I)A;2%&!
et/ou d’altération!%-!/,2&,!'().)2A%(!&/!G$>R!-)+-!%2!1)*,0,/2-! .%!1),2&!')&&,?.%!&%&!'()'(,3-3&!
)(A/2).%'-,9+%&! X6).\/'0%.! +%# *,-R! <FFD!Z! H(,7/-! /2*! UI)2/(-R! B=<<J#! C’est! souvent l’action 
8)1?,23%! *%! différents facteurs, tels que la compétition pour les nutriments, l’épuisement de 
l’oxygène et la production de co1')&3&! ,2I,?,-%+(&! 9+,! %1'_8I%! la croissance d’autres 
1,8())(A/2,&1%&!XC,..%-!+%#*,-R!B==KJ#!!
!
Qu’elle que soit sa catégorie (ingrédient, addi-,0R!/+@,.,/,(%!-%8I2).)A,9+%JR!+2%!8+.-+(%!'()-%8-(,8%!
doit également s’adapter au produit (par exemple, ne pas être %2!8)1'3-,-,)2!/7%8!.%&!)(A/2,&1%&!
/+-)8I-)2%&J! X6).\/'0%.! +%# *,-R! <FFDJ#! Y/! 0)28-,)2! %&-! d’augmenter la G$>! de l’aliment dans 
.%9+%.!%..%!%&-!/T)+-3%!%2!Q!(3*+,&/2-!.%&!(,&9+%&!*%!8)2-/1,2/-,)2#!Y)2!/8-,7,-3!*),-!_-(%!0,/?.%!/+!
&%,2!*%!./!1/-(,8%!/.,1%2-/,(%!%-!*/2&!&)2!8)2-%@-%!%27,()22%1%2-/.#!O20,2R!%..%!2%!*),-!'(3&%2-%(!
/+8+2! (,&9+%!')+(! ./! &/2-3! XV),(!'/(-,%! "#!$%&!'()*+,-&! ./,-,%(&! 0%(1%2-3&R! '/A%!E=! %-! '/(-,%! """#!
C)Q%2&!*%!'(37%2-,)2!*%&!8)2-/1,2/-,)2&!0)2A,9+%&R!'/A%!KFJ!%-!/+8+2!%00%-!23A/-,0!&+(!./!9+/.,-3!
sensorielle de l’aliment, telle!9+%!./!'()*+8-,)2!*%!8)1')&3&!/()1/-,9+%&!,2*3&,(/?.%&!X6).\/'0%.!
+%#*,-R!<FFD!Z!M;A.%1%2-!<L4WB==BW>OR!B==B!Z!^%&&%.&!+%#*,-R!B==SJ#!
$/!(%8I%(8I%!*%!8+.-+(%&!'()-%8-(,8%&!&%!.,1,-%!&)+7%2-!/+@!1,8())(A/2,&1%&!/.,1%2-/,(%&R!%-!'.+&!
'/(-,8+.,;(%1%2-!')+(! .%&!'()*+,-&! ./,-,%(&!`!8%(-/,2%&! .%7+(%&R!/+@!?/8-3(,%&!'()',)2,9+%&!%-!/+@!
?/8-3(,%&! ./8-,9+%&#! >%&! *%(2,;(%&! )2-! &-/-,&-,9+%1%2-! +2%! '.+&! 0)(-%! '()?/?,.,-3! d’obtenir une 
autorisation d’utilisation par reconnaissance de leur ,22)8+,-3#!Etant adaptées à l’environnement 
./,-,%(R!%..%&!)2-!3A/.%1%2-!+2%!'.+&!A(/2*%!8/'/8,-3!`!se développer dans l’ali1%2-R!%-!/,2&,R!'/(!
.%+(!/8-,7,-3!0%(1%2-/,(%R!`!/7),(!+2%!/8-,)2!,2I,?,-(,8%!*%!?/&%#!!
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!/J $%7+(%&!
Dans certains produits à base de lait fermenté, comme le koumis, la fermentation résultant d’une 
/&&)8,/-,)2! %2-(%! ?/8-3(,%&! ./8-,9+%&! %-! .%7+(%&! '%(1%-! l’inhib,-,)2! *%! 1,8())(A/2,&1%&!
d’altération tels que certains champignons filamenteux (V,.T)%2R! B==<J#! >%(-/,2%&! .%7+(%&!
')&&;*%2-! *)28! *%&! /8-,7,-3&! /2-,0)2A,9+%&#! >%8,! /! 3-3! )?&%(73! ')+(! 9+%.9+%&! &)+8I%&! *%!
M-#0*"(+"!!, capables de réduire ou d’inhiber la croi&&/28%! *%! 8%(-/,2%&! 1),&,&&+(%&! */2&! .%!
0()1/A%#!>%&!&)+8I%&!')+((/,%2-R!%2!'%(&'%8-,7%R!_-(%!+-,.,&3%&!8)11%!/A%2-!*%!?,)N8)2-(].%!*/2&!
8%(-/,2&!0()1/A%&!X$,+!/2*!U&/)R!B==FJ#!>%(-/,2%&!%&';8%&R!*)2-!M+7*&6'46/+(#0*"(+"!!R!'()*+,&%2-!
*%&!1Q8)8,2%&R!9+,!&)2-!*%&!8)1')&3&!'()-3,9+%&!`!/8-,7,-3!0)2A,8,*%!)+!0)2A,&-/-,9+%!Xi).+?%7R!
B==KJ#! H+(,0,3%&R! %..%&! ')+((/,%2-! /7),(! +2%! /''.,8/-,)2! *%! 8)2&%(7/-%+(! */2&! 8%(-/,2&! '()*+,-&!
./,-,%(&#! $/!1Q8)8,2%R! '()*+,-%! '/(!?!,,!'5(!(# 4&*C!!R! '/(! %@%1'.%R! /! +2! ./(A%! &'%8-(e d’activité 
8)2-(%!*%&!.%7+(%&!8)2-/1,2/2-%&!*+!Q/)+(-!X$)p%&!+%#*,-R!B===J#!$%&!A%2(%&!3*";!;*R!3&65%'/'//)(R!
N,)6$+&'46/+(R!:!/0!*R!R0';'%'&),*R!=*//0*&'46/+(!%-!@'&),'5(!(R#'/(1,#d’autresR!'%+7%2-!3A/.%1%2-!
&Q2-I3-,&%(!8%&!1).38+.%&!X$)p%&!+%#*,-R!B===!Z!i).+?%7R!B==KJ#!!
!
?J :/8-3(,%&!
$/! ?,)N8)2&%(7/-,)2! ,1'.,9+%! '(,28,'/.%1%2-! *%&! ?/8-3(,%&! 2/-+(%..%1%2-! '(3&%2-%&! */2&! .%&!
aliments et c’est pourquoi beaucoup d’études se focalisent essentiellement sur les bactéries 
'()',)2,9+%&! %-! &+(! .%&! ?/8-3(,%&! ./8-,9+%&#!H/(0),&R! 8%&! *%+@! A()+'%&! *%! ?/8-3(,%&! &)2-! /&&)8,3&!
pour agir en synergie. C’est ce qu’on retrouve dans certain%&! 8+.-+(%&! ?,)N'()-%8-(,8%&!
/2-,0)2A,9+%&!*,&')2,?.%&!&+(!.%!1/(8I3R!-%.&!9+%!:,)!'()0,-!XG/2,&8)!k,%?..!i1?6R!i%(1/2QJR!
+2%!8)N8+.-+(%!*%!8*/%'7*/!,,)(!&0*4"'()(!$>L=D!XGYC!L=K<J!%-!*%!:&'5!'"!7*/%+&!)4!F&+);+"&+!/0!!!
&+?&'#!(0+&4*"!!!cY!XGYC!L=KLJ!XY+)1/./,2%2!/2*!CQ(NCa,2%2R!<FFF!Z!Y))1()!+%#*,-R!B==B!Z!
Y8Ip%22,2A%(!/2*!C%,.%R!B==SJ!%-!.%&!&3(,%&!6d$G:5>UC!3A/.%1%2-!'()*+,-%&!'/(!G5k"Y>d!
%-! 0/,&/2-! ,2-%(7%2,(! .%&! %&';8%&! 87-# 5,*"%*&)4R! 87-# &0*4"'()(R! 87-# (*C+!R! )+! 87-# 5*&*/*(+!! %-!
:&'5!'"!7*/%+&!)4! F&+);+"&+!/0!!!&+?&'#!(0+&4*"!!!XM)*A%(&R!B==4J#!>%&!*%+@!8+.-+(%&!8)11%(8,/.%&!
)2-!1)2-(3! .%+(! %00,8/8,-3! &+(! .%! Q/)+(-! %-! `! ./! &+(0/8%! *%&! 0()1/A%&! `! 'f-%&! 8+,-%&! 8)2-(%! *%&!
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!.%7+(%&! %-! *es moisissures d’altération (Y8Ip%22,2A%(! /2*!C%,.%R! B==SJ#!g2%! 8+.-+(%!1,@-%! *%!
:-#%0'+"!!#HN<BL! %-!87-# &0*4"'()(#:NSSD! )+!87-# 5,*"%*&)4! GY5! B=<LS! */2&! .%! 0()1/A%!l/(%,&I!
%1'_8I%!.%!*37%.)''%1%2-!*%!8I/1',A2)2&!8)2-/1,2/2-&!/7%8!+2%!/13.,)(/-,)2!*%!./!&/7%+(!%-!
*%! ./! -%@-+(%! XO.NYI/0%,! +%# *,-R! B==4J#! $%&!13-/?).,-%&! *%! :-# %0'+"!!# )2-! .%&!1_1%&! %00%-&! &+(! .%!
0()1/A%!`!'/-%!1)..%!G)1,/-,!XU/p0,a!+%#*,-R!B==SJ#!
!
XYS 1*/%Z&!+(#5&'5!'"!G)+(#
L’effet indépendant de ces bactéries peut aussi être étudié. L’activité antifongique des bactéries 
'()',)2,9+%&R!trouvées dans les produits laitiers, l’herbe et le sol,!/!3-3!(373.3%!'/(!'.+&,%+(&!3-+*%&!
%-!%&-!*+%!notamment à la production d’acides )(A/2,9+%&!X/8,*%!'()',)2,9+%!%-!/8,*%!/83-,9+%JR!
d’acide 3N'I32Q../8-,9+%R!1/,&! 3A/.%1%2-! *%! ?/8-3(,)8,2%&! XY+)1/./,2%2! /2*!CQ(NCa,2%2R!
<FFF!Z!$,2*!+%#*,-R!B==D!Z!ip,/\*)p&a/!/2*!U()T/2)p&a/R!B==K!Z!$,2*!+%#*,-R!B==L!Z!$,2*R!B=<=J#!
G/2&!.%!0()1/A%!&+,&&%R!:-!F&+);+"&+!/0!!!&+?&'#!(0+&4*"!!#produit plus de 1 % d’acide propionique 
%-! (%-/(*%! ./! 8(),&&/28%! *%&! .%7+(%&! 3*";!;*! &''#! %-! =*//0*&'46/+(! /+&+$!(!*+! XG/7,*&)2R! B==<J#!
Comme décrit précédémment, l’acide propionique (E280) est très efficace contre les moisissures. 
C,8()A/(*UC! X^%&1/2![))*&! "28#R!dMR!gY5JR! +2! 0%(1%2-! *+! ./,-! '/&-%+(,&3R! /''()+73! '/(! ./!
[))*! /2*!G(+A!5*1,2,&-(/-,)2! %-! 0/,&/2-! ,2-%(7%2,(!:-! F&+);+"&+!/0!!! &+?&'#! (0+&4*"!!R#%&-! +-,.,&3!
*/2&!%27,()2!E=!o!*%&!0()1/A%&!?./28&!8)2&)113&!/+@!u-/-&Ng2,&!XY/.,I!+%#*,#R!<FF=!Z!5.Ns)(%aQ!
+%#*,-R!<FF<!Z!M)&&!+%#*,-R!B==B!Z!Y8Ip%22,2A%(!/2*!C%,.%R!B==SJ#!
!
X[S 1&+$!7*/%+&!)4#,!"+"(#
D’autres bactéries laitières possèdent des activités antifongiques. C’est le cas de 1&+$!7*/%+&!)4!
,!"+"(#! >%--%! ?/8-3(,%R! 0/,&/2-! '/(-,%! *%&! ?/8-3(,%&! 8)(Q230)(1%&R! %&-! '(3&%2-%! &+(! ./! &+(0/8%! *%!
8%(-/,2&!0()1/A%&!`!8()t-%!./73%!%-!`!'f-%!8+,-%!-%.&!9+%!.%!C/(),..%&R!.%!C+2&-%(R!.%!:%/+0)(-!%-!.%!
>)1-3#! >%--%! %&';8%! /! 1)2-(é des capacités d’inhibition de moisissures et de production de 
1Q8)-)@,2%&R!8%'%2*/2-R!cette activité n’a pas été testée !"#(!%)!Xd&1/2R!B==SJ#!!
!
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!X\S 1*/!,,)(#
G%! 2)1?(%+&%&! %&';8%&! *%! 1*/!,,)(! &)2-! 8)22+%&! 8)11%! 3-/2-! *%&! '()*+8-(,8%&! *%! &+?&-/28%&!
/2-,1,8()?,%22%&!Xl/7,-I/!+%#*,-R!B==D!Z!c)&I,!+%#*,-R!B==4!Z!>I%2!+%#*,-R!B=<=!Z!sI/)!+%#*,-R!B=<=JR!%-!
2)-/11%2-! *%&! %&';8%&! ,&).3%& *%! ./,-&! 8(+&! %-! d’/+-(%&! '()*+,-&! ./,-,%(&! XY)?(,2)N$'%\! /2*!
C/(-2N:%..)&)R! B==4J#! >%(-/,2%&! '(3&%2-%2-! *%! ./(A%&! &'%8-(%&! d’inhibition contre des ?/8-3(,%&!
i(/1!')&,-,0R!*%&!?/8-3(,%&!i(/1!23A/-,0!%-!*%&!1),&,&&+(%&!XY)?(,2)N$'%\!/2*!C/(-2N:%..)&)R!
B==4J#! >%'%2*/2-R! ?,%2! 9+%! 8%(-/,2%&! %&';8%&! *%! 1*/!,,)(! &),%2-! +-,.,&3%&! 8)11%! '()?,)-,9+%&!
X1*/!,,)(#()7%!,!(R!1*/!,,)(#,!/0+"!F'&4!(J!XY)()a+.)7/!+%#*,-R!B==4J!%-!')&&;*%2-!.%!&-/-+-!vHYR!8%!A%2(%!
/! +2%! 8)22)-/-,)2! 23A/-,7%! */2&! .%&! '()*+,-&! ./,-,%(&! 8/(! .%&! %&';8%&! 9+,! Q! &)2-! A323(/.%1%2-!
retrouvées sont responsables d’altérations (C%%(! +%# *,-R! <FF<!Z! >(,%..Q! +%# *,-R! <FFSJ#! >%! A%2(%!
8)1'(%2*! 3A/.%1%2-! *%! 2)1?(%+&%&! %&';8%&! '/-I)A;2%&! %-! /&&)8,3%&! `! *%&! ,2-)@,8/-,)2&!
/.,1%2-/,(%&! X^)2A! +%# *,-R! <F44J#! >%'%2*/2-R! ,.! (%&-%! %27,&/A%/?.%! *%! '+(,0,%(! .%&! 1).38+.%&!
antifongiques en vue d’améliorer la conservation du lait %-!*%&!'()*+,-&! ./,-,%(&! XY)?(,2)N$'%\!
/2*!C/(-2N:%..)&)R!B==4J#!
!
$%! champ d’action des quelques cultures! '()-%8-(,8%&! /8-+%..%1%2-! *,&')2,?.%&! &+(! .%! 1/(8I3!
*%1%+(%!(%&-(%,2-#!$%&!8)22/,&&/28%&!/8-+%..%&!&+(!.%&!/2-,0)2A,9+%&!&Q2-I3-,&3&!'/(! .%&!?/8-3(,%&!
étant assez limitées, l’alternative de ?,)N8)2&%(7/-,)2! *%7,%2-! *)28! '(,1)(*,/.%! %-! 238%&&,-%!
l’élargiss%1%2-!*%&!8)22/,&&/28%&!&+(!.%!&+T%-R!/0,2!*%!(3')2*(%!`!./!*%1/2*%!*%&!8)2&)11/-%+(&!
%-! *%&! ,2*+&-(,%.&! ainsi qu’aux problèmes de résistances émergeantes.! Ici, on s’intéresse plus 
'/(-,8+.,;(%1%2-! /+@! ?/8-3(,%&! ./8-,9+%&R! '()')(-,)22%..%1%2-! '.+&! +-,.,&3%&! */2&! .%&! '()*+,-&!
./,-,%(&!0%(1%2-3&R!%-!/Q/2-!*%&!/8-,7,-3&!/2-,0)2A,9+%&!8)22+%&#!
!
!
!
!
!
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!X]S 1*/%Z&!+(#,*/%!G)+(#*"%!F'"9!G)+(#;*"(#,+(#5&';)!%(#,*!%!+&(##
"#$ %&'())#*+,!+'-./0(0(1,!
$%&!?/8-3(,%&! ./8-,9+%&!'%+7%2-! &%!*37%.)''%(!*/2&! .%! ./,-! 8/(!%..%&!Q! -()+7%2-! -)+&! .%&!3.31%2-&!
238%&&/,(%&! `! .%+(! 8(),&&/28%#! O..%&! +-,.,&%2-! .%! ./8-)&%R! .%&! '()-3,2%&! %-! ./! 0(/8-,)2! /\)-3%! 2)2!
protéique. Rapidement, le milieu s’appauvrit en nutriments! %-!1,8()2+-(,1%2-&R! *,1,2+/2-! .%&!
chances que pourraient avoir d’autres microorganismes de s’y développer. Cette croissance 
compétitive est le premier effet barrière à l’établissement de 1,8())(A/2,&1%&! 8)2-/1,2/2-&#!
Cependant, il n’est à lui seul pas suffisant pour empêcher toute contamination. A cet effet s’ajoute 
./!'()*+8-,)2!*%!*,7%(&!8)1')&3&!8)203(/2-!/+@!?/8-3(,%&!./8-,9+%&!.%+(!/8-,7,-3!/2-,1,8()?,%22%R!
%-!'.+&!'/(-,8+.,;(%1%2-!/2-,0)2A,9+%!XG%!C+Q28a!+%#*,-R!B==S!Z!V)+.A/(,!+%#*,-R!B=<=J#!
!
"2$ %'-.')/)!#*0(3'*4(56,)!et mécanismes d’action!
X!S J/%!$!%Z#F'"9!/!;+#')#F'"9!(%*%!G)+##
$%&! /8-,7,-3&! /2-,0)2A,9+%&! (%-()+73%&! 8I%\! .%&! ?/8-3(,%&! ./8-,9+%&! &)2-! &)+7%2-! &)+8I%&!
dépendantes. Néanmoins, certains genres et espèces semblent plus actifs que d’autres. $%!A%2(%!
8*/%'7*/!,,)(!%&-! .%!'.+&!(%-()+73!*/2&!.%&!-(/7/+@!&+(! .%&! (%8I%(8I%&!d’act,7,-3&!/2-,0)2A,9+%&!*%&!
?/8-3(,%&! ./8-,9+%&! XC/A2+&&)2! +%# *,-R! B==E!Z! Y8I2(%(! /2*!C/A2+&&)2R! B==D!Z! V)+.A/(,! +%# *,-R!
B=<=JR!&+,7,!*%&!A%2(%&!8*/%'/'//)(!XM)Q!+%#*,-R!<FFK!Z![.)(,/2)p,8\R!B==<J!%-!8+)/'"'(%'/!XY+\+a,!+%#
*,-R! <FF<!Z! Y8I2(%(! /2*! C/A2+&&)2R! B==DJ! /,2&,! 9+%! *%&! A%2(%&! :+;!'/'//)(! XY8I2(%(! /2*!
C/A2+&&)2R!B==D!Z!M)+&%!+%#*,-R!B==4JR!."%+&'/'//)(!XV)+.A/(,!+%#*,-R!B=<=!Z!6/*T,NY0/@,!+%#*,-R!B=<<J!
%-!?+!((+,,*! XM)+&%! +%# *,-R! B==4!Z! V/.%(,)! +%# *,-R! B==FJ! 9+,R! */2&! +2%!1),2*(%!1%&+(%R! )2-! /+&&,!
(373.3!*%&!/8-,7,-3&!/2-,0)2A,9+%&#!
!
L’activité antifongique des bactéries lactiques n’est pas encore totalement élucidée, ni les 
1).38+.%&! ,1'.,9+3%&! %-!mécanismes d’action. >%'%2*/2-R! ./! .,&-%! *%&! 8)1')&3&! /2-,0)2A,9+%&!
'()*+,-&! '/(! .%&! ?/8-3(,%&! ./8-,9+%&! ne cesse de s’allonger. G%! '.+&R! ./! 8)1'(3I%2&,)2! *%&!
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!mécanismes impliqués dans l’activité antifongique de souches de bactéries lactiques devrait 
*3&)(1/,&!_-(%!0/8,.,-3%!'/(!.%&!*)223%&!A32)1,9+%&#!58-+%..%1%2-R!+2%!&),@/2-/,2%!*%!A32)1%&!
*%! ?/8-3(,%&! ./8-,9+%&! %&-! &39+%283%R! %-! 8%! 2)1?(%! 7/! 2%--%1%2-! /+A1%2-%(! */2&! .%&! /223%&! `!
venir. Ces séquences permettront d’obtenir des informations quant aux bases moléculaires de 
l’activité antifongique. Les génomes peuvent effectivement être exploités pour la décou7%(-%!*%!
2)+7%/+@! '%'-,*%&! /2-,0)2A,9+%&R!1/,&! 3A/.%1%2-! ')+(! 8)22/h-(%! .%&! 7),%&! *%! ?,)&Q2-I;&%! *%&!
1).38+.%&!/2-,0)2A,9+%&!/,2&,!9+%!.%+(!1)*%!*%!(3A+./-,)2!Xk%&!/2*!c)I2&?)(AR!B==SJ#!
$%&! 8)1')&3&! /8-+%..%1%2-! 8)22+&! '()7,%22%2-! *%&! *,003(%2-%&! /8-,7,-3&! 13-/?).,9+%&! *%! 8%&!
bactéries. Il s’agit de métabolites primaires et secondaires issus de la fermentation et des 
*,003(%2-%&! 7),%&! *%! *3A(/*/-,)2! +-,.,&3%&! '/(! .%&! ?/8-3(,%&! ./8-,9+%&! X[,A+(%! FJ#! $/! '.+'/(-! *%&!
1).38+.%&! /2-,0)2A,9+%&! )2-! /,2&,! +2%! 0)28-,on primaire dans l’élaboration sensorielle et 
2+-(,-,)22%..%!*%&!'()*+,-&! ./,-,%(&! 0%(1%2-3&!)+! ,2-%(7,%22%2-!*/2&! .%!v+)(+1NY%2&,2A! XM)&&! +%#
*,-R!B==B!Z!Y-(|1!+%#*,-R!B==BJ#!!
>%&! 8)1')&3&! 2%! '(3&%2-%2-! 8%'%2*/2-! +2%! /8-,7,-3! )'-,1/.%! 9+%! &)+&! 8%(-/,2%&! 8)2*,-,)2&#!
k)-/11%2-R!.%+(!/8-,7,-3!/2-,0)2A,9+%!'%+-!*3'%2*(%!*%!./!-%1'3(/-+(%!)+!*+!'6!XM)+&%!+%#*,-R!
B==4J#! G%! 1_1%R! .%+(! '()*+8-,)2! '%+-! *3'%2*(%R! %2-(%! /+-(%&R! *%! ./! 'I/&%! *%! 8(),&&/28%! *%&!
?/8-3(,%&!'()*+8-(,8%&!%-!*%&!2+-(,1%2-&!'(3&%2-&!*/2&! .%!1,.,%+!XG/.,3!+%#*,-R!B=<=J#!5+&&,R!')+(!
_-(%!+-,.,&/?.%&!*/2&!.%!8)2-%@-%!*%!?,)N8)2&%(7/-,)2R!.%&!13-/?).,-%&!/2-,0)2A,9+%&R!/8-,0&R!*),7%2-!
_-(%!8)1'/-,?.%&!/7%8!.%&!1/-(,8%&!/.,1%2-/,(%&!XG%!C+Q28a!+%#*,-R!B==SJ#!
§ 47,*$%&)(>/2,8+$%N&*,)QM*$&*$&7/(<)2$&$-&3-R/2).&
$%&!'(,28,'/+@!13-/?).,-%&! ,1'.,9+3&!*/2&! .%&!/8-,7,-3&!/2-/A)2,&-%&!&)2-!*%&!/8,*%&!)(A/2,9+%&#!
$b/8,*%! ./8-,9+%! %&-! .%! '(,28,'/.! '()*+,-! *%! ./! 0%(1%2-/-,)2!'/(! .%&! ?/8-3(,%&! ./8-,9+%&#!C’est +2!
'()*+,-! 1/T)(,-/,(%! ,&&+! *%! ./! 0%(1%2-/-,)2! *%&! ?/8-3(,%&! ./8-,9+%&! I)1)0%(1%2-/,(%&R! 1/,&!
*b/+-(%&! /8,*%&! )(A/2,9+%&! X'(,28,'/.%1%2-! /83-,9+%R! 0)(1,9+%! %-! '()',)2,9+%R! )+! %28)(%R!
8/'()e9+%R!?%2\)e9+%R!%-8#J!&)2-!3A/.%1%2-!'()*+,-&R!%2!9+/2-,-3!'.+&!&,A2,0,8/-,7%!'/(!.%&!&)+8I%&!
I3-3()0%(1%2-/,(%&R!/+!8)+(&!*+!13-/?).,&1%!'(,1/,(%#!$b/8,*,0,8/-,)2!*+!1,.,%+!X/?/,&&%1%2-!*+!
'6J! %&-! ./! '(%1,;(%! ?/((,;(%! 8)2-(%! .%&! 1,8())(A/2,&1%&! *b/.-3(/-,)2! XG()+/+.-! /2*! >)(-I,%(R!
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!B==<J#!L’activité des acides, principalement utilisés comme additifs alimentaires (V),(!'/(-,%!"""#!
C)Q%2&!*%!'(37%2-,)2!*%&!8)2-/1,2/-,)2&!0)2A,9+%&R!'/A%!SFJR!*3'%2*!*+!'6!*%!.b/.,1%2-!%-!*%!
.%+(!8)2&-/2-%!/8,*%!*%!*,&&)8,/-,)2!X'l/JR!9+,!*3-%(1,2%!.%+(!0)(1%!X*,&&)8,3%!)+!2)2!*,&&)8,3%J!
`!+2!'6!*)223#!$)(&9+%!.%!'6!%&-! ,203(,%+(!)+!3A/.!`!&)2!'l/R!+2!/8,*%!%&-!&)+&!&/!0)(1%!2)2!
*,&&)8,3%#!Y)+&!8%--%!0)(1%R!.%&!/8,*%&R!A323(/.%1%2-!IQ*()'I)?%&R!'%+7%2-!-(/7%(&%(!'/&&,7%1%2-!
./! 1%1?(/2%! *%&! 8%..+.%&! 0)2A,9+%&R! A(f8%! `! ./! &).+?,.,-3! *%&! .,',*%&R! %-! 8)2*+,(%! `! +2%!
accumulation d’ions hydrogène et d’ani)2&#!$%!')-%2-,%.!3.%8-()8I,1,9+%!1%1?(/2/,(%!%&-!/.)(&!
neutralisé et d’importantes réactions métaboliques! &)2-! ,2I,?3%&! '+,&9+%! l’énergie des cellules 
fongiques ciblées est alors consacrée à excréter les ions hydrogène et n’est plus mobilisée pour la 
8(),&&/28%!8%..+./,(%#!$%&!/8,*%&R!+2%!0),&!%2-(3&!*/2&!./!8%..+.%R!'%+7%2-!*)28!8)2*+,(%!`!&/!1)(-!
Xi)+.*R! <FFK!Z! 6%./2*%(! +%! *,-R! <FFL!Z! :(+.! /2*! >))-%R! <FFFJ#! G%! '/(! .%+(&! 8)2&-/2-%&! *%!
*,&&)8,/-,)2! '.+&! 3.%73%&R! .%&! /8,*%&! /83-,9+%! X'l/! /8,*%! /83-,9+%! ! SRLDJ! %-! '()',)2,9+%! X'l/! /8,*%!
'()',)2,9+%!= 4,87) sont plus inhibiteurs que l’acide lactique (pKa /8,*%! ./8-,9+%! ! ER=4J! XY8I2(%(! /2*!
C/A2+&&)2R!B==DJ#!H.+&!%@/8-%1%2-R!`!+2!8%(-/,2!'6R!./!'()')(-,)2!*%!0)(1%&!2)2!*,&&)8,3%&!&%(/!
'.+&!3.%73%!pour l’acide acétique ou l’acide propionique que pour l’acide lactique (C/A2+&&)2R!
B==E). L’acide propionique affecte la croissance fongique et altère les membranes fongiques à un 
'6! /+@! /.%2-)+(&! *%! SRD! XC/A2+&&)2R! B==E). L’activité des acides organiques, liée au pH, %&-!
3A/.%1%2-! *3'%2*/2-%! *%! .%+(! 8)28%2-(/-,)2#! >%..%N8,! *),-! (%&-%(! /88%'-/?.%! ')+(! ./!
8)2&)11/-,)2! XG)(-+R! B==4J#! U)+-%0),&R! */2&! 8%(-/,2&! '()*+,-&! ./,-,%(&! 0%(1%2-3&R! 8)11%! .%!
0()1/A%!Xi)+*/J!)+!.%&!Q/)+(-&R!./!8)28%2-(/-,)2!*%!.b/8,*%!?%2\)e9+%R!'()*+,t à partir de l’acide 
I,''+(,9+%R!2/-+(%..%1%2-!'(3&%2-!*/2&! .%! ./,-R! %-!'/(0),&!/+&&,!`!'/(-,(!*%! ./!'I32Q././2,2%R!'/(!
8%(-/,2%&! ?/8-3(,%&! ./8-,9+%&! X87-# /*(+!JR! *3'/&&%! ./(A%1%2-! ./! 7/.%+(! 238%&&/,(%! ')+(! .b,2I,?,-,)2!
X6).\/'0%.! +%# *,-R! <FFD!Z! Y8I2(%(! /2*! C/A2+&&)2R! B==D!Z! 5A()&8)'%J#! $%&! /8,*%&! )(A/2,9+%&!
'(3&%2-%2-!.b/7/2-/A%!*b/7),(!+2!./(A%!&'%8-(%!*b/8-,)2!8)1'(%2/2-!*%&!?/8-3(,%&!`!i(/1!')&,-,0R!`!
i(/1!23A/-,0R!*%&!.%7+(%&!%-!*%&!1),&,&&+(%&!XM)&&!+%#*,-R!B==BJ#!
$%! *,)@Q*%! *%! 8/(?)2%! %-! .b3-I/2).! &)2-! .%&! /+-(%&! 13-/?).,-%&! '(,1/,(%&! '()*+,-&! *+(/2-! ./!
8(),&&/28%! *%&! ?/8-3(,%&! ./8-,9+%&! I3-3()0%(1%2-/,(%&#! $%&! )(A/2,&1%&! /3()?,%&! &)2-! &%2&,?.%&! `!
.b%27,()22%1%2-!/2/3()?,%!8(33!'/(!./!'(3&%28%!*+!*,)@Q*%!*%!8/(?)2%R!9+,!'%+-!3A/.%1%2-!/A,(!
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!&+(! ./!'%(13/?,.,-3!*%! ./!1%1?(/2%! XG)(-+R!B==4!Z!G)(-+!/2*!UI)2/(-R!B==FJ#!$%&! .%7+(%&! &)2-!
3A/.%1%2-!&%2&,?.%&!`!.b3-I/2).R!1/,&!8%&!*%+@!13-/?).,-%&!&)2-!A323(/.%1%2-!,2*3&,(/?.%&!*/2&!+2!
'()*+,-!./,-,%(!*%!?)22%!9+/.,-3!XY)0)&!+%#*,#R!<FF4J#!
§ &Peroxyde d’hydrogè2$&
$%&!?/8-3(,%&!./8-,9+%&!2%!')&&;*%2-!'/&!*%!8/-/./&%R!)+!?,%2!+2%!'&%+*)N8/-/./&%#!G/2&!.%&!*%+@!
8/&R!%..%&!2%!'%+7%2-!'/&!*3A(/*%(!.%!'%()@Q*%!*bIQ*()A;2%R!'()*+,-!%2!8(),&&/28%!/3()?,%!A(f8%!`!
*%&!0./7)'()-3,2%&!)@Q*/&%&R!`!*%&!k5G6!'%()@Q*/&%&R!k5G6!)@Q*/&%&!)+!αNA.Q83()'I)&'I/-%!
)@Q*/&%&! XM)&&!+%#*,-R!B==B!Z!C/A2+&&)2R!B==E). Ce dernier s'accumule dans l’environnement %-!
,2I,?%!*,003(%2-&!1,8())(A/2,&1%&R!1/T)(,-/,(%1%2-!*%&!?/8-3(,%&!8/(!,.!/!+2!0)(-!%00%-!)@Q*/2-!&+(!
.%&!.,',*%&!1%1?(/2/,(%&!%-!&+(!.%&!'()-3,2%&!8%..+./,(%&!XM)&&!+%#*,-R!B==BJ#!>%--%!1).38+.%!'(3&%2-%!
de nombreux inconvénients qui limitent son utilisation en tant qu’agent conservateur. Elle a 
2)-/11%2-!+2!%00%-!2)8,0!&+(!.%&!organismes impliqués dans l’élaboration des aliments!/,2&,!9+%!
&+(! ./! &/2-3! I+1/,2%! %-! '%+-! /7),(! *%&! %00%-&! ')-%2-,%..%1%2-! 23A/-,0&! )+! ,2*3&,(/?.%&! &+(! .%&!
9+/.,-3&!&%2&)(,%..%&!*%&!/.,1%2-&!XG)(-+R!B==4J#!>%'%2*/2-R!9+/2*!%..%!%&-!'()*+,-%!*/2&!.%!./,-R!
%..%!'%+-!&%!8)+'.%(!`!./!./8-)'%()@Q*/&%!%-!/+!-I,)8Q/2/-%R!3A/.%1%2-!'(3&%2-&!*/2&!.%!./,-!XV),(!
'/(-,%! """#!C)Q%2&! *%! '(37%2-,)2! *%&! 8)2-/1,2/-,)2&! 0)2A,9+%&R! '/A%DSJR! %-! /,2&,! '(3&%2-%(! +2!
spectre d’activité plus large, notamment contre les champignons. Ce système a par exemple 
1)2-(3! &)2! %00,8/8,-3! 8)2-(%! 3*";!;*# *,7!/*"(! X6).\/'0%.! +%# *,-R! <FFD!Z! Y)0)&! +%# *,-R! <FF4!Z!
C/A2+&&)2R!B==EJ#!
§ D,/73-M.$&
$%! *,/83-Q.%! %&-! '()*+,-! '/(! ./! 0%(1%2-/-,)2! *+! 8,-(/-%! .)(&9+%! .%! 'Q(+7/-%! %&-! %2! %@8;&R!
'(,28,'/.%1%2-! '/(! *%&! ?/8-3(,%&! ./8-,9+%&! /''/(-%2/2-! /+@! A%2(%&! 8*/%'/'//)(R! 8+)/'"'(%'/R!
8*/%'7*/!,,)(!%-!:+;!'/'//)(#!>%--%!1).38+.%!%&-!+2!8)1')&3!/()1/-,9+%!/&&)8,3!/+!A)t-!*+!?%+((%!
XM)&&! %-! *,-R! B==B!Z! C/A2+&&)2R! B==E!Z! G)(-+R! B==4). Son spectre d’activité antimicrobienne 
8)1'(%2*! .%&! .%7+(%&! %-! .%&! ?/8-3(,%&! i(/1! 23A/-,0! '(,28,'/.%1%2-! XG)(-+R! B==4J#! Y)2! %00%-!
/2-,1,8()?,%2R! 9+,! &%1?.%! _-(%! *t! à son interférence avec l’arginine (>/'.,8%! /2*! [,-\A%(/.*R!
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!<FFFJR!%&-!)'-,1/.!`!*%&!'6!,203(,%+(&!`!LR0, cependant, la concentration nécessaire à l’inhibition 
(200 mM) altèrerait le goût de l’/.,1%2-!X6).\/'0%.!+%#*,-R!<FFD!Z!Y8I2(%(!/2*!C/A2+&&)2R!B==D!Z!
G)(-+R!B==4J#!
§ 473-/.*3RM*$&
L’acétaldéhyde est le composé aromatique qui donne son goût caractéristique au yaourt (^)+-%(&!
+%#*,-R!B==BJ#!>%!8)1')&3!%&-!&Q2-I3-,&3!'/(!=-#%0+&4'50!,)(R!1/,&!,.!2%!'%+-!_-(%!13-/?).,&3!2,!'/(!
l’espèce productrice, ni par 87-# 7),9*&!/)(. Son accumulation dans l’aliment peut atteindre des 
8)28%2-(/-,)2&! &+00,&/2-%&! ')+(! ,2I,?%(! 8%(-/,2&! 1,8())(A/2,&1%&! X=%*506,'/'//)(! *)&+)(R!
=*,4'"+,,*! +"%+&!/*! &+?&'#! +"%+&!/*! %-! .(/0+&!/0!*# /',!J! XP/2AR! B===J#! >%'%2*/2-R! &)2! /8-,7,-3!
antifongique n’a `!8%!T)+(!'/&!3-3!*31)2-(3%#!
§ T$'-,*$%&/2-,0)2>,8+$%&U%,1,./,($%&/+Q&</7-3(,)7,2$%V&
$%&! ?/8-3(,)8,2%&! &)2-! *%&! '%'-,*%&! &Q2-I3-,&3&! '/(! .%&! (,?)&)1%&! *%! 8%(-/,2%&! ?/8-3(,%&!
X'(,28,'/.%1%2-!?/8-3(,%&!./8-,9+%&J!%2-(%!./!0,2!*%!./!'I/&%!%@')2%2-,%..%!*%!8(),&&/28%!%-!.%!*3?+-!
*%! ./! 'I/&%! &-/-,)22/,(%#! Leur activité est cependant limitée puisqu’elle 8)28%(2%! *%&! %&';8%&!
'()8I%&!*%!./!&)+8I%!'()*+8-(,8%R!*)28!*%&!i(/1!')&,-,0!XG%!V+Q&-!/2*!$%()QR!B==L!Z!G)(-+!/2*!
UI)2/(-R!B==FJ#!O..%&!/A,&&%2-!%2!*3')./(,&/2-!./!0)(8%!'()-)2!1)-(,8%!'/(!/8-,)2!&+(!.%!')-%2-,%.!
*%!1%1?(/2%!)+!&+(!.%!A(/*,%2-!*%!'6R!ou en inhibant la synthèse de la paroi. Bien qu’utilisées 
*/2&! .%&! '()*+,-&! ./,-,%(&! &)+&! *,003(%2-%&! 0)(1%&! XG)(-+! /2*! UI)2/(-R! B==FJR! 8%&! 13-/?).,-%&!
secondaires ne sont donc pas actifs contre les champignons et ne présentent pas d’intérêt pour la 
'(3&%(7/-,)2! 8)2-(%! .%&! /.-3(/-,)2&! 0)2A,9+%&! XM)&&! +%# *,-R! B==B!Z!i.7%\! +%# *,-R! B==L!Z!G)(-+!/2*!
UI)2/(-R!B==FJ#!D’ailleurs, /+8+2%!8+.-+(%!?/8-3(,)8,2)A;2%!n’est 8)11%(8,/.,&3%!*/2&!.%!&%8-%+(!
./,-,%(#!d2!(%28)2-(%!+2,9+%1%2-!*%&!&)+8I%&!2/-+(%..%1%2-!'()*+8-(,8%&!X>.%7%./2*!+%#*,-R!B==<!Z!
G%7.,%AI%(%!+%#*,-R!B==SJ#!
G%&!%@8%'-,)2&!)2-!8%'%2*/2-!3-3!(%.%73%&!%-!1%--%2-!%2!37,*%28%!*%&!/8-,7,-3&!8)2-(%!*%&!&)+8I%&!
?/8-3(,%22%&!'IQ.)A323-,9+%1%2-!3.),A23%&!Xc/8a!%-!*,#R!<FFD!Z!>.%7%./2*!+%#*,-R!B==<J!%-W)+!8)2-(%!
*%&! 8I/1',A2)2&! XU)',&,()7,8! +%# *,-R! B==KJ#! >%&! composés protéiques présentent l’avantage *%!
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!')&&3*%(! +2! '.+&! ./(A%! &'%8-(%! d’action 9+%! .%&! ?/8-3(,)8,2%&#! ".&! ,2I,?%2-! ')+(! ./! '.+'/(-! *%&!
?/8-3(,%&!i(/1!23A/-,0!%-!i(/1!')&,-,0!/,2&,!9+%!*%&!8I/1',A2)2&!X5-/2/&&)7/!+%#*,-R!B==EJ#!$%+(!
8)1')&,-,)2! '()-3,9+%! a d’abord été supposée par leur perte d’ac-,7,-3! /'(;&! -(/,-%1%2-! /+@!
%2\Q1%&!'()-3).Q-,9+%&!X8IQ1)-(Q'&,2%R! -(Q'&,2%R!'()2/&%!OR!'%'&,2%R!'()-3,2/&%!lJ!XM)Q!+%#*,-R!
<FFK!Z!C/A2+&&)2R!B==E!Z!Y8I2(%(!/2*!C/A2+&&)2R!B==DJ#!d2!(%-()+7%!'/(!%@%1'.%!.%!'%'-,*%!
UVED?R!)+!'%2-)8,2%R!*%!-/,..%!1)Q%22%!X%27,()2!ERF!aG/JR!'()*+,-!'/(!87-#5+"%'()(!%-!'(3&%2-/2-!
+2%! /8-,7,-3! 0)2A,&-/-,9+%! Xdaa%(&! +%# *,-R! <FFF!Z! Y-(|1! +%# *,-R! B==B!Z! Y8I2(%(! /2*!C/A2+&&)2R!
B==DJ#!>%!'%'-,*%!/!2)-/11%2-!(373.3!&)2!%00,8/8,-3!8)2-(%!3*";!;*#*,7!/*"(!Xdaa%(&!+%#*,-R!<FFFJ#!
g2!/+-(%!'%-,-!'%'-,*%R!'()*+,-!'/(!87-#/'&6"!F'&4!(#&+?&'-# /'&6"!F'&4!(!/!3A/.%1%2-!3-3!*3-%8-3!%-!
'(3&%2-%!*%&!/8-,7,-3&!8)2-(%!'.+&,%+(&!1),&,&&+(%&!%-!8)2-(%!M-#0*"(+"!!!%-!N-#4*&E!*")(!`!*%&!'6!
8)1'(,&! %2-(%! E! %-! K! XC/A2+&&)2! /2*!Y8I2(%(R! B==<!Z!C/A2+&&)2R! B==EJ#!87-# 5*&*/*(+!! &+?&'#!
5*&*/*(+!! '()*+,-! 3A/.%1%2-! +2! 8)1')&3! '()-3,9+%! /2-,0)2A,9+%! /8-,0! 8)2-(%! 3-# *,7!/*"(! %-!
=-#/+&+$!(!*+#!>%--%!&)+8I%!%&-!+-,.,&3%!8)11%!&-/(-%(!*/2&!.%!0()1/A%!T/+2%!?+.A/(%!XY)?(,2)N$'%\!
/2*!C/(-2N:%..)&)R!B==4J#!g2%!%2-3()8,2%R!'()*+,-%!'/(!./!&)+8I%!.-#F*+/!)4, isolée d’un yaourt 
1)2A).,%2!XU/(/AJ!/!(373.3!*%&!/8-,7,-3&!/2-,0)2A,9+%&#!$/!&-/?,.,-3!*%!8%--%!1).38+.%!fait d’elle un 
?)2! 8/2*,*/-! ')+(! ./! ?,)N8)2&%(7/-,)2!d’aliments soumis à *%&! -(/2&0)(1/-,)2&! ~!*+(%&!}! -%..%&!
9+%!./!'/&-%+(,&/-,)2!)+!/+-(%&!-(/,-%1%2-&!-I%(1,9+%&R!.b/*T)28-,)2!*b/8,*%&R!./!8)2A3./-,)2!%-!*%!
.)2A+%&!'3(,)*%&!*%!&-)8a/A%!X6/*T,NY0/@,!+%#*,-R!B=<<J# 
§ D,'$'-,*$%&7M7.,8+$%&
:%/+8)+'!*%!*,'%'-,*%&!8Q8.,9+%&R!9+,! &)2-!*%&!8)1')&3&! ,2-%(13*,/,(%&!*/2&! ./!'()*+8-,)2!*%!
'%'-,*%&!2)2!(,?)&)1,9+%&!XY-(|1R!B==DJR!%-!9+,!&)2-!,1'.,9+3&!*/2&!.%!138/2,&1%!*%!v+)(+1N
Y%2&,2AR!'(3&%2-%2-!*%&!/8-,7,-3&!/2-,?/8-3(,%22%&!%-!/2-,0)2A,9+%&!XY-(|1!+%#*,-R!B==BJ#!".&!2%!&)2-!
cependant actifs qu’à des concentrations de l’o(*(%! *+! 1AW1.#! G,003(%2-%&! &)+8I%&! *%!
87-#5,*"%*&)4!'()*+,&%2-!*%&!*,'%'-,*%&!8Q8.,9+%&#!d2!(%8%2&%!%2-(%!/+-(%&!./!&)+8I%!87-#5,*"%*&)4!
VUU! ONL4=LKR! '()*+,&/2-! .%! 8Q8.)XA.Q8Q.N$N.%+8Q.J! Xk,a+NH//7)./! +%# *,-R! <FFFJ! %-! .%&! &)+8I%&!
87-#5,*"%*&)4!C,$5:! <S! %-! 87-# 5,*"%*&)4!C,$5:! EFE! 9+,! &Q2-I3-,&%2-! .%&! 8Q8.)! Xi.QN$N$%+JR!
8Q8.)! X$NHI%N$NH()J! %-! 8Q8.)! X$NHI%N-(/2&NSNd6N$NH()J! XY-(|1! +%# *,-R! B==B!Z!C/A2+&&)2! +%# *,-R!
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!B==EJ#!D’autres espèces telles que :-# 5+"%'(*/+)(R! 87-# (*C+!R! )+! 87-# /'&6"!F'&4!(! X2)-/11%2-! ./!
&)+8I%! Y,EJ! '()*+,&%2-! .%! 8Q8.)! XHI%NH()J! %-! .%! >Q8.)! XHI%Nd6NH()J! XY-(|1! +%# *,-R! B==B!Z!
C/A2+&&)2!+%#*,-R!B==EJ#!H/(!%@%1'.%R!:-#5+"%'(*/+)(!C,$5:!<L=!'()*+,-!.%&!*,'%'-,*%&!8Q8.,9+%&!
8Q8.)!X$NHI%N8,&NSNd6NGNH()JR!8Q8.)!X$N$%+N-(/2&NSNd6N$NH()J!%-!8Q8.)!X$N$%+N8,&NSNd6NGNH()J!
XY-(|1R!B==DJ#!
MQ/2!+%#*,-!XB=<<J!)2-!1,&!%2!37,*%28%!./!'()*+8-,)2!*%&!*,'%'-,*%&!8Q8.,9+%&!8Q8.)X$NH()N$NH()JR!
8Q8.)X$N$%+N$NH()JR! 8Q8.)X$NUQ(N$NH()JR! 8Q8.)X$NC%-N$NH()J! %-! 8Q8.)X$N6,&N$NH()J! '/(!
87-#*46,'$'&)(#GYC!<FB4= */2&!.%!1,.,%+!CMY#!P/2A!/2*!>I/2A!XB=<=J!)2-!9+/2-!`!%+@!1,&!%2!
évidence l’effet antifongique de la molécule cyclo(LeuN$%+J! X)+! BRDN','%(/\,2%*,)2%NERKN?,&XBN
1%-IQ.'()'Q.JJ!'()*+,-%!'/(!87-#5,*"%*&)4!5[<#!!
Le mode d’action antifongique des dipeptides cycliques n’est p/&!8)22+!1/,&!)2!&/,-!8%'%2*/2-!
que certains sont impliqués dans le mécanisme d’inhibition de!./!'()*+8-,)2!*%!1Q8)-)@,2%&R!9+,!
&%(/!*,&8+-3!'.+&!-/(*!XV),(!'/(-,%!"""#!C)Q%2&!*%!'(37%2-,)2!*%&!8)2-/1,2/-,)2&!0)2A,9+%&R!'/A%!
KFJ!XY-(|1R!B==DJ#!
§ J$+-3(,2$&
$%&! ?/8-3(,%&! ./8-,9+%&! 2%! '%+7%2-! '/&! *3A(/*%(! .%! A.Q83().! $!*! ./! 7),%! )@Q*/-,7%! 9+,! %&-!
,28)1'.;-%!8I%\!%..%&#!$/!&%+.%!7),%!*%!*3A(/*/-,)2!*+!A.Q83().!&%!0/,-!`!-(/7%(&!./!&Q2-I;&%!*%!./!
(%+-3(,2%! X)+! ENIQ*()@Q'()',)2/.*3IQ*%R! )+! EN6H5J! XC/A2+&&)2R! B==EJ#! >%--%!1).38+.%! '%+-!
_-(%!&Q2-I3-,&3%!'/(!*,003(%2-%&!%&';8%&!*+!A%2(%!8*/%'7*/!,,)(!X87-#7&+$!(<#87-#7)/0"+&!<#87-#/',,!"'L;+(<#
87-# /'&6"!F'&4!(! %-!87-# &+)%+&!J! '%2*/2-! ./! 'I/&%! &-/-,)22/,(%! *%! 8(),&&/28%! /2/3()?,%R! .)(&9+%! .%!
glycérol est présent dans l’%27,()22%1%2-! %-! .)(&9+b,.! Q! /! +2%! 0/,?.%! 8)28%2-(/-,)2! *%! A.+8)&%!
XY8I2(%(! /2*! C/A2+&&)2R! B==D!Z! G)(-+R! B==4J#! >%--%! &Q2-I;&%! ,1'.,9+%! l’enzyme A.Q83().!
*3&IQ*(/-/&%!9+,!%&-!%..%N1_1%!*3'%2*/2-%!*%!./!8)?/1,*%!XM)&&!+%#*,-R!B==B!Z!V)..%2p%,*%(!/2*!
$/8(),@R!B==S!Z!C/(-2!%-!/.#R!B==D!Z!Y8I2(%(!/2*!C/A2+&&)2R!B==DJ#!L’activité de la reutérine 
&%(/,-!*+%!`!.b,2I,?,-,)2!*%!./!(,?)2+8.3)-,*%!(3*+8-/&%R!impliquée dans la biosynthèse de l’ADN!
X>/'.,8%! /2*! [,-\A%(/.*R! <FFFJ#! $/! (%+-3(,2%! ')&&;*%! +2! ./(A%! &'%8-(%! d’actionR! %..%! %&-! /8-,7%!
8)2-(%!*%&!?/8-3(,%&!i(/1!')&,-,0R!i(/1!23A/-,0R!*%&!.%7+(%&!X3*";!;*R!@'&),'5(!(R!=*//0*&'46/+(J!%-!
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!*%&! 1),&,&&+(%&! XJ(5+&9!,,)(! %-! I)(*&!)4JR! %-! '%+-! /+&&,! -)+8I%(! .%&! 8%..+.%&! '()*+8-(,8%&! X`!
l’exception de 87-# &+)%+&!! 9+,! Q! %&-! (3&,&-/2-J! XV)..%2p%,*%(! /2*! $/8(),@R! B==S!Z! Y8I2(%(! /2*!
C/A2+&&)2R!B==D!Z!>.%+&,@!+%#*,-R!B==L!Z!G)(-+R!B==4JR!8%!9+,!%@8.+-!*)28!&)2!+-,.,&/-,)2!*/2&!.%&!
'()*+,-&!./,-,%(&!0%(1%2-3&!XM)&&!+%#*,-R!B==BJ#!!
§ J$+-3(,7M7.,2$&
87-# &+)%+&!R! 8,-3! '(383*%11%2-! ')+(! &/! '()*+8-,)2! *%! (%+-3(,2%R! '%+-! 3A/.%1%2-! &Q2-I3-,&%(! ./!
(%+-3(,8Q8.,2%. Cependant, cette production ne sera pas abordée en détail car l’activité de cet 
/2-,?,)-,9+%!&%!(%&-(%,2-!/+@!?/8-3(,%&!i(/1!')&,-,0!Xi2\.%!+%#*,-R!B===!Z!M)&&!+%#*,-R!B==BJ#!
§ 47,*$%&>(/%&
$%&!/8,*%&!A(/&R!'()*+,-&!'/(! .%&!?/8-3(,%&! ./8-,9+%&!`!'/(-,(!*%&! .,',*%&R!1/,&!3A/.%1%2-!`!'/(-,(!
*%&!/8,*%&!/1,23&R! ,2-%(7,%22%2-!*/2&! ./!9+/.,-3! &%2&)(,%..%!*%&!/.,1%2-&! Xi/2%&/2!+%# *,-R!B==SJ#!
O2!8)28%2-(/-,)2!&+00,&/2-%R!,.&!&)2-!/+&&,!8)22+&!')+(!8)203(%(!*%&!'()'(,3-3&!/2-,1,8()?,%22%&!
XC/A2+&&)2R!B==EJ#!Leur mécanisme d’action n’est pas connu, mais il est supposé qu’ils altèrent 
./!0.+,*,-3!*%&!1%1?(/2%&!%-!./!8)1')&,-,)2!*%&!.,',*%&R!)+!?,%2!%28)(%!qu’ils ,2-%(0;(%2-!/7%8!./!
A%(1,2/-,)2!*%&! &')(%&! XY-(|1R!B==DJ#!$/!'()*+8-,)2!*%!'.+&,%+(&!/8,*%&!A(/&!'/(!*%&!?/8-3(,%&!
./8-,9+%&!/!*3T`!3-3!(%')(-3%!*/2&!*%&! ./,-&! 0%(1%2-3&! XC/A2+&&)2R!B==EJ#!Il peut s’agir d’acides 
A(/&R! -el que l’/8,*%! 8/'()e9+%! X>KJ! X>)(&%--,! +%# *,-R! <FF4JR! ou d’acides A(/&! IQ*()@Q.3&#! 87-#
5,*"%*&)4!C,$5:!EFE!'()*+,-!.%&!/8,*%&!ENIQ*()@Q*%8/2)e9+%!X)+!1Q(1,8/8,2%R!)+!EN6G5JR!EN
IQ*()@Q*)*38/2)e9+%R!ENIQ*()@Q-3-(/*38/2)e9+%!%-!ENIQ*()@QNDN8,&N*)*38/2)e9+%!XC/A2+&&)2R!
B==E!Z!YT|A(%2!+%#*,-R!B==E). L’activité antimicrobienne!/+A1%2-%!/7%8! ./! .)2A+%+(!*%! ./!8I/h2%R!
ainsi, l’acide caprylique (C8) et les acides gras plus longs, sauf l’acide +2*38Q.,9+%!X><<JR!&)2-!.%&!
'.+&! %00,8/8%&#! $%&! /8,*%&! 8/'(,9+%! X><=J! %-! ./+(,9+%! X><BJ! )2-! (373.3! *%&! /8-,7,-3&! 8)2-(%!
3-#*,7!/*"(!X:%(A&&)2!+%#*,-R!B==<J#!G%!1_1%R!.%&!/8,*%&!A(/&!IQ*()@Q.3&!9+,!')&&;*%2-!+2%!8I/h2%!
`!<B! 8/(?)2%&!'(3&%2-%2-! .%&!'.+&! 0)(-%&! /8-,7,-3&! XC/A2+&&)2R! B==E) Par contre, ceci n’est plus 
7(/,!9+/2*! ./!8I/h2%!8/(?)23%!%&-! -()'! .)2A+%!8/(!%..%!*,1,2+%! ./!&).+?,.,-3!*%! .’acide gras#!$%&!
.%7+(%&! &%1?.%2-! _-(%! .%&! 1,8())(A/2,&1%&! .%&! '.+&! &%2&,?.%&! /+@! /8,*%&! A(/&! IQ*()@Q.3&!
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!XC/A2+&&)2R! B==EJ#! >%&! 8)1')&3&! &)2-! /8-,0&! `! *%&! 8)28%2-(/-,)2&! 8)1'(,&%&! %2-(%! <=! %-! <==!
1AW1.R! 8%! 9+,! 8)((%&')2*! /+@! 8)28%2-(/-,)2&! +-,.,&3%&! /7%8! .’amphotéricine B#! >%--%!
8)28%2-(/-,)2!%&-!<=!`!B==!0),&!'.+&!3.%73%!9+%!8%..%&!(%-()+73%&!*/2&!.%&!&+(2/A%/2-&!*%!8+.-+(%R!
8%'%2*/2-R! .%&!8)28%2-(/-,)2&R!'.+&!3.%73%&!/+-)+(!*%&!8).)2,%&R!')+((/,%2-!_-(%!&+00,&/2-%&!')+(!
'%(1%--(%! +2%! /8-,7,-3! !"# (!%)! XY-(|1! +%# *,-R! B==B!Z! YT|A(%2! +%# *,-R! B==EJ#!G%! '.+&R!1_1%! &,! .%+(!
/8-,7,-3!*/2&!*%&!38)&Q&-;1%&!naturels n’a pas encore été démontrée, '.+&,%+(&!/8,*%&!A(/&!/Q/2-!
+2%!/8-,7,-3!/2-,0)2A,9+%!)2-!*3T`!3-3!,&).3&!*%!'()*+,-&!0%(1%2-3&R!%-!8%8,!%&-!+2!'),2-!')&,-,0!'/(!
(/'')(-!`!./!8)2&%(7/-,)2!*%&!'()*+,-&!./,-,%(&!XY8I2(%(!/2*!C/A2+&&)2R!B==DJ#!
§ 47,*$&'R32M../7-,8+$&
L’acide 'I32Q../8-,9+%!'%+-!_-(%!'()*+,-!'/(!./!*3A(/*/-,)2!*%!./!'I32Q././2,2%!%-!*%!./!-Q()&,2%!
'/(!.%&!%&';8%&!87-#5,*"%*&)4R!87-#*,!4+"%*&!)(R!87#!/'&6"!F'&4!(R!87-#&0*4"'()(R!87-#(*"F&*"/!(/+"(!(R!
87-# 0!,9*&;!R!8+)/'"'(%'/# /!%&+)4! %-! 9+%.9+%&! &)+8I%&! *%! 87-# 7&+$!(R! 87-# */!;'50!,)(! %-! 8+)/'"'(%'/!
4+(+"%+&'!;+(! &+?&'#!4+(+"%+&'!;+(# XC/A2+&&)2! +%# *,-R! B==E!Z!V/.%(,)! +%# *,-R! B==SJR!1/,&! 3A/.%1%2-!
'/(! d’autres espèces telles que# ."%+&'/'//)(# F*+/*,!(# XdII,(/! +%# *,-R! B==SJ#! ".! ,2-%(7,%2-! */2&! ./!
0)(1/-,)2!*%&!0./7%+(&!*/2&!.%&!0()1/A%&!1/,&!'%+-!/+&&,!,2I,?%(!*%&!1,8())(A/2,&1%&!'/-I)A;2%&!
et d’al-3(/-,)2&R!,28.+/2-!?/8-3(,%&!%-!8I/1',A2)2&!XC/A2+&&)2!+%#*,-R!B==E!Z!V/.%(,)!+%!*,-R!B==SJ#!
HI32Q././2,2%!%-! -Q()&,2%!'%+7%2-!_-(%!'()*+,-%&!'/(!9+%.9+%&!&)+8I%&!'+,&!+-,.,&3%&!'/(! ./!&+,-%!
par une autre qui alors synthétisera l’acide phényllactique!$!*!+2%!IQ*()@Q!/8,*%!*3&IQ*()A32/&%R!
par l’intermédiare d’une! -(/2&/1,2/-,)2! %2! /8,*%! 'I32Q.'Q(+7,9+%! X$,! +%# *,-R! B==L!Z!C+! +%# *,-R!
B==FJ#!$%&!/8,*%&!'I32Q../8-,9+%!%-!SNIQ*()@Q'I32Q../8-,9+%!'()*+,-&!'/(!87-#5,*"%*&)4!B<?!)2-!
1)2-(3! *%&! /8-,7,-3&! 8)2-(%! '.+&,%+(&! 8I/1',A2)2&! 0,./1%2-%+@! X$/7%(1,8)88/! +%# *,-R! B===J#!
87-#5,*"%*&)4! C,$5:! EFE! XY-(|1! +%# *,-R! B==BJR! 87-# /'&6"!F'&4!(! Y,ER! :-# 5+"%'(*/+)(! %-! 87-# (*C+!!
produisent l’acide 3N'I32Q../8-,9+%! XY8I2(%(! /2*! C/A2+&&)2R! B==DJ#! C/,&! &%+.%&! *%! 0)(-%&!
8)28%2-(/-,)2&! &%()2-!/8-,7%&!8)2-(%! .%&! .%7+(%&!%-! .%&!1),&,&&+(%&! X>C"!8)1'(,&%&!%2-(%!ERLD!%-!
LRD!1AW1.J! XYT|A(%2R! B==D!Z!5(1/0)(-%! +%# *,-R! B==KJ#!Le mécanisme d’action de cette molécule 
n’est pas très bien connu, cependant on suppose qu’elle inhibe l’enzyme phénylalanine 
67
!*3&IQ*()A32/&%R! 9+,R! `! '/(-,(! *%! ./! 'I32Q././2,2%R! A32;(%! *%! ./! 'Q(,*,2%! ,2-%(7%2/2-! */2&! ./!
&Q2-I;&%!*%&!2+8.3)-,*%&!XY-(|1R!B==DJ#!
!
D’autres composés non protéiques, de faib.%!'),*&!1).38+./,(%&R!-%.&!9+%!./!1%-IQ.IQ*/2-)e2%!%-!
./! 1%7/.)2)./8-)2%! Xk,a+NH//7)./! +%# *,-, 1999), l’acide GNA.+8+()2,9+%! X/8,*%! +()2,9+%JR! ./!
8Q-,*,2%! X2+8.%)&,*%JR! ./! BbNdesoxycytidine, le décanoate de sodium, l’acide salicylique, l’acide 
paracoumarique, l’acide 3N'I32Q.'()'/2)e9+%!)+!%28)(%! l’acide (.JNBN1%-IQ.8,22/1,9+%<#XMQ/2!
+%#*,-R!B=<<J!'%+7%2-!'(3&%2-%(!*%&!/8-,7,-3&!/2-,0)2A,9+%&R!1/,&! ,.&!&)2-!8%'%2*/2-!1),2&!*38(,-&!
*/2&!./!.,--3(/-+(%#!!
!
!
=,>+($&W"&M3&+13!*%&!8)22/,&&/28%&!/8-+%..%&!&+(! .%&!'(,28,'/+@!8)1')&3&!/2-,0)2A,9+%&!'()*+,-&!'/(! .%&!
?/8-3(,%&!./8-,9+%&!X,2&',(3!*%!Y8I2(%(!/2*!C/A2+&&)2!XB==DJJ#&
!
X!!S J/%!$!%Z#*"%!%'E!"+(#
>%(-/,2%&!?/8-3(,%&!./8-,9+%&R!%-!1/T)(,-/,(%1%2-!*%&!%&';8%&!*+!A%2(%!8*/%'7*/!,,)(R!'(3&%2-%2-!*%&!
%00%-&!/2-,0)2A,9+%&!$!*! l’inhibition de l’accumulation de mycotoxines dans le milieu! Xi)+(/1/!
/2*! :+..%(1/2R! <FFL!Z! G/.,3! +%# *,-R! B=<=J#! O..%&! '%+7%2-! %2! %00%-! ,2I,?%(! ./! &Q2-I;&%! *%&!
1Q8)-)@,2%&! )+! &%! .,%(! `! %..%&! XG/.,3! +%# *,-R! B=<=). L’inhibition de la synthèse se fait par 
l’intermédiaire de composés de faible poids moléculaire, %28)(%! 1/.! *30,2,&! 1/,&! &+'')&3&!
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!'()-3,9+%&R! (%.f8I3&! /'(;&! .Q&%! 8%..+./,(%! )+! '%2*/2-! ./! 8(),&&/28%! Xi)+(/1/! /2*! :+..%(1/2R!
<FFL!Z!G/.,3!+%#*,-R!B=<=J#!k)-/11%2-R!)2!&+'')&%!9+%!9+%.9+%&!*,'%'-,*%&!8Q8.,9+%&!')+((/,%2-!
,2-%(7%2,(!*/2&!8%!138/2,&1%! XY-(|1R!B==DJ#!G%&!&)+8I%&!'()?,)-,9+%&! -%..%&!9+%!87-#&0*4"'()(!
ii!%-!87-#&0*4"'()(!$>NL=D!&)2-!8/'/?.%&!*%!.,%(!'.+&!*%!4=!o!*%!l’aflatoxine B1!X6/&a/(*!+%#*,-R!
B==<J! %-! *%! .,%(! *%! 0/j)2! '.+&! )+! 1),2&! 7/(,/?.%! *%&! -(,8I)-I38;2%&! XG/.,3! +%# *,-R! B=<=J! %-! ./!
\3/(/.32)2%!XO.Nk%\/1,!+%#*,-R!B==BJ#!d8I(/-)@,2%!5R!0+1)2,&,2%!%-!'/-+.,2%!'%+7%2-!3A/.%1%2-!
_-(%! ',3A3%&! '/(! *,7%(&%&! ?/8-3(,%&! ./8-,9+%&! X[+8I&! +%# *,-R! B==4!Z!G/.,3! +%# *,-R! B=<=J#! $/! .,/,&)2!
&%1?.%!&%!0/,(%!/+!2,7%/+!*+!'%'-,*)A.Q8/2%!%-!*%&!').Q&/88I/(,*%&!*%!./!'/(),!8%..+./,(%!X6/&a/(*!
+%# *,-R!B==<!Z!G/.,3! +%# *,-R!B=<=J#!O20,2R!*/2&! .%! -(/8-+&!A/&-()N,2-%&-,2/.R! .%&!8)1'.%@%&!?/8-3(,%&N
1Q8)-)@,2%&! &)2-! (/',*%1%2-!%@8(3-3&!ce qui limite l’absorption des mycotoxines dans le corps 
Xi(/-\!+%#*,-R!B==KJ#!
!
>I/9+%!8)1')&3!/2-,1,8()?,%2!'()*+,-!8)2&-,-+%!+2%!?/((,;(%!&+''.31%2-/,(%!/+!*37%.)''%1%2-!
*%&!microorganismes d’altérations. G%! '.+&R! */2&! .%&!1/-(,8%&! /.,1%2-/,(%&R! 8%&! 8)1')&3&! &)2-!
?%/+8)+'!'.+&!%00,8/8%&!%2!13./2A%!9+%!&%+.&!X%00%-!&Q2%(A,9+%J#!5,2&,R!+2!13./2A%!*%!8)1')&3&!
/2-,1,8()?,%2&!'(3&%2-&!`!*%&!8)28%2-(/-,)2&!%2!*%j`!*%! .%+(!>C"!')+((/!_-(%!/8-,0!*+! 0/,-!9+%!
l’effet des molécules s’additionne!X>)(&%--,!+%#*,-R!<FF4!Z!k,a+NH//7)./!+%#*,-R!<FFF!Z!i(/--%'/28I%!
+%#*,-R!B==4!Z!P/2A!/2*!>I/2AR!B=<=!Z!MQ/2!+%#*,-R!B=<<J#!:%/+8)+'!*%!(%8I%(8I%&!&)2-!%00%8-+3%&!
en vue d’u-,.,&%(! *%&! 8+.-+(%&! '()-%8-(,8%&! /+! &%,2! *%&! '()*+,-&! ./,-,%(&! 0%(1%2-3&#! O2! (%7/28I%R!
/8-+%..%1%2-R!'%+!&)2-!*,&')2,?.%&!&+(! .%!1/(8I3!X1,&%&!`!'/(-!8%..%&!8,-3%&!'(383*%11%2-J!8/(R!
')+(! _-(%! /8-,7%&R! 8%&! 8+.-+(%&! '()-%8-(,8%&! *),7%2-! _-(%! ,2)8+.3%&! `! *%&! 8)28%2-(/-,)2&!
,1')(-/2-%&R! 8%! 9+,! '%+-! /00%8-%(! .%&! 9+/.,-3&! )(A/2).%'-,9+%&! de l’aliment, mais également 
/+A1%2-%(!&)2!8)t-!*%!'()*+8-,)2!8)1'/(/-,7%1%2-!/+@!8)2&%(7/-%+(&!8I,1,9+%&!XY8Ip%22,2A%(!
/2*!C%,.%R!B==S!Z!i(/--%'/28I%!+%#*,-R!B==4J#!
!
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!E# M3A.%1%2-ation concernant l’utilisation de cultures protectrices 
pour l’alimentation humaine!
H)+(! +-,.,&%(! +2%! 8+.-+(%! 1,8()?,%22%! %2! /.,1%2-/-,)2! I+1/,2%R! ,.! 0/+-! 7/.,*%(! &)2! ,22)8+,-3R!
*31)2-(%(!&/!238%&&,-3!-%8I2).)A,9+%!%-!0/,(%!%2!&)(-%!9+%!&)2!+-,.,&/-,)2!(%&-%!-(/2&'/(%2-%!7,&N`N
7,&! *+! 8)2&)11/-%+(#! H)+(-/2-R! %2! [(/28%! %-! %2! O+()'%R! il n’existe actuellement aucune 
réglementation pour l’autorisation de mise sur le marché d’une culture microbienne utilisée en 
/.,1%2-/-,)2!I+1/,2%R!8)2-(/,(%1%2-!`!8%..%&!9+,!%@,stent pour l’alimentation animale (G,(%8-,7%!
FEW<<EWO>R!<FFE!Z!^%&&%.&!+%#*,-R!B==S!Z!:(,..%-!+%#*,-R!B==DJR!%-!?,%2!9+%!.%&!3-/'%&!')+(!3-/?.,(!*%&!
décisions officielles soient connues, il semble encore difficile de les mettre en place. L’absence de 
(3A.%mentation vient avant tout du fait qu’aucune norme n’est disponible concernant les lignes 
directrices et les procédures à suivre dans l’évaluation de l’innocuité d’une souche.!G/2&!-)+&!.%&!
cas, l’évaluation de l’innocuité d’une culture microbienne est sou&! ./! (%&')2&/?,.,-3! *%&!
professionnels qui mettent leur produit sur le marché. Pour ce faire, ils s’appuient sur les textes 
'+?.,3&! '/(! 8%(-/,2&! )(A/2,&1%&! /0,2! *%! 8)1?.%(! .%! 1/29+%! *%! (3A.%1%2-/-,)2! 2/-,)2/.%! %-!
%+()'3%22%#! ".! %@,&-%! 2)-/11%2-! +2%! .,&-%! *%! 1,8())(A/2,&1%&! /Q/2-! +2%! .)2A+%! I,&-),(%!
d’utilisation sans risque (2002NB=<BJR! 0)+(2,%! '/(! l’association européenne des cultures pour 
l’alimentation humaine et animale (EFFCAJ#! H/(! 8)2-(%R! %2! /?&%28%! d’historique de 
8)2&)11/-,)2!/7/2-!1/,!<FFLR!)2!8)2&idère qu’il s’agit d’une utilisation non traditionnelle. Le 
-%(1%!k)7%.![))*R!*30,2,!'/(! .%!M;A.%1%2-!BD4WFLW>O! X<FFLJR! %-! /''.,9+3!`! 8%&! 8+.-+(%&! &/2&!
I,&-)(,9+%!*%!8)2&)11/-,)2R!&)+.;7%!/.)(&!./!9+%&-,)2!*+!&-/-+-!%-!*%!./!&38+(,-3!*%!8%&!8+.-+(%&#!!
".! 2’existe pas de définition du terme culture microbienne au niveau européen. Ce terme a 
8%'%2*/2-!3-3!*30,2,!'/(!l’O[[>5!XB=<<J#!O2![(/28%R!./!&38+(,-3!*+!8)2&)11/-%+(!%&-!/&&+(3%!$!*!
./!G,(%8-,)2!i323(/.%!*%!./!>)28+((%28%R!*%!./!>)2&)11/-,)2!%-!*%!./!M3'(%&&,)2!*%&![(/+*%&!
XGi>>M[J!%-!$!*!l’/+-)(,-3!O+()'3%22%!*%!&38+(,-3!*%&!/.,1%2-&!XO[Y5J!%2!O+()'%R!)m!./!1,&%!
%2!'./8%!*%!*,(%8-,7%&!%&-!/&&+(3%!'/(!./!>)11,&&,)2!O+()'3%22%#!$%!3';+E#*,!4+"%*&!)(R!%2&+,-%R!
8)2&-,-+%R! `! '.+&! A(/2*%! 38I%..%R! +2! (%8+%,.! *%! 2ormes, codes d’usages, directives et 
(%8)11/2*/-,)2&!(%./-,0&!`!./!'()*+8-,)2!%-!`!./!-(/2&0)(1/-,)2!/A()/.,1%2-/,(%#!$%&!&+?&-/28%&!
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!employées dans l’/.,1%2-/-,)2! &)2-! *)28! 8./&&3%&! */2&! .%&! 8/-3A)(,%&! ,2A(3*,%2-&R! /**,-,0&R!
/(]1%&R! %2\Q1%&R! &+?&-/28%&! 2+-(,-,)22%..%&! )+! /+@,.,/,(%&! -%8I2).)A,9+%&#! H)+(! +-,.,&%(! +2%!
8+.-+(%!1,8()?,%22%R!,.!%&-!*)28!/7/2-!-)+-!238%&&/,(%!*%!*30,2,(!`!./9+%..%!*%!8%&!8/-3A)(,%&!%..%!
/''/(-,%2-#!
g2%!8+.-+(%!%&-!-)+T)+(&!8)2&,*3(3%!8)11%!+2%!*%2(3%!/.,1%2-/,(%R!%-!%&-!*%!8%!0/,-!(3A,%!'/(!.%!
M;A.%1%2-!<L4WB==BW>O!XB==BJ!X/(-,8.%!<SJR!9+,!/+-)(,&%!+2%!1,&%!&+(!.%!1/(8I3!&%+.%1%2-!/'(;&!
7/.,*/-,)2! *%! &)2! ,22)8+,-3#! Y,! ./! 8+.-+(%! %&-! 8)2&,*3(3%! 8)11%! +2! ,2A(3*,%2-! X8)11%! .%&!
0%(1%2-&!'/(!%@%1'.%JR!8b%&-N`Ndire qu’elle participe à l/!0/?(,8/-,)2!*+!'()*+,-R!%..%!%&-!(3A,%!'/(!./!
G,(%8-,7%!B===W<EW>O! XB===J#!dn considère qu’elle est un additif lorsqu’elle ajoute au produit 
+2%!-%8I2).)A,%!&'38,0,9+%R!%-!%..%!%&-!*/2&!8%!8/&!(3A,%!'/(!.%&!G,(%8-,7%&!4FW<=LW>OO!X<F4FJ!%-!
FDWBW>O!X<FFDJ#!
!
$’Agence Nationale de Sécurité Sanitaire de l’alimentation, de l’environnement et du travail 
X5kYOYR! /28,%22%1%2-! 5[YY5J! /! 1,&! `! *,&')&,-,)2R! %2! B==BR! +2! /(?(%! *38,&,)22%.! ')+(!
l’évaluation de l’innocuité d’une souche microbienne utilisée dans le secteur!/A()N/.,1%2-/,(%!/0,2!
*%! 0/8,.,-%(! ./! *31/(8I%! `! &+,7(%! %-! 8)1?.%(! .%!1/29+%! *%! (3A.%1%2-/-,)2! `! 8%! &+T%-#!C/,&! 8%-!
/(?(%!*38,&,)22%.!(%&-%!.+,N1_1%!,2&+00,&/2-!*+!0/,-!*+!1/29+%!*%!&-/2*/(*,&/-,)2!*%&!13-I)*%&!
d’évaluation!X[,A+(%!<=J#!!
!
$/!*31/(8I%!vHY!est un outil permettant d’évaluer l’innocuité d’une espèce et ainsi améliorer la 
&-/?,.,-3! %-! ./! &38+(,-3!*+!'()*+,-! */2&! .%9+%.! %..%! %&-! /T)+-3%#!H)+(!/''/(-%2,(! `! 8%--%! .,&-%R!+2%!
%&';8%! *),-! _-(%! ,*%2-,0,3%! -/@)2)1,9+%1%2-#! Y)2! )(,A,2%R! &%&! '/(/1;-(%&! *%! 8(),&&/28%R! &%&!
caractéristiques biochimiques ainsi que son mode d’action doivent être connus. Enfin, elle ne doit 
'/&!_-(%!'/-I)A;2%!X2%!*),-!'(3&%2-%(!/+8+2!(,&9+%!&+(!./!&/2-3JR!2%!*),-!'/&!')(-%(!*%!(3&,&-/28%&!
/+@!/2-,?,)-,9+%&!-(/2&03(/?.%&!%-!2%!*oit pas produire de toxines et/ou d’amines biogènes (V),(!
'/(-,%! "#! $%&! '()*+,-&! ./,-,%(&! 0%(1%2-3&R! '/A%! E=J! X^%&&%.&! +%# *,-R! B==SJ#! $%! 0/?(,9+/2-! '%+-!
également s’appuyer sur le guide d’utilisation des bonnes pratiques HACCP et sur des règles 
d’hygiène (V),(!'/(-,%!"""#!C)Q%2&!*%!'(37%2-,)2!*%&!8)2-/1,2/-,)2&!0)2A,9+%&R!'/A%!SKJ!7%2/2-!
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!s’ajouter à la directive concernant l’innocuité ainsi qu’aux règles pour l’autorisation après 
37/.+/-,)2!*%&!(,&9+%&!XM;A.%1%2-!BD4WFLW>OR!<FFLJ#!
!
!
!
=,>+($& ?X"&5(?(%! *38,&ionnel pour l’évaluation de l’innocuité d’une souche microbienne utilisée dans le 
&%8-%+(!/A()N/.,1%2-/,(%!X5kYOYR!B==BJ#&
!
!
72
!!Y" J$7R$(7R$&*$&%)+7R$%&./7-,8+$%&/2-,0)2>,8+$%&
$/! (%8I%(8I%!*%!?/8-3(,%&! ./8-,9+%&!/2-,0)2A,9+%&! %2!7+%!*%! .%+(!+-,.,&/-,)2! %2! -/2-! 9+%! 8+.-+(%!
?,)Nprotectrice nécessite que l’on tienne compte de la matrice dans laquelle on souhaite les 
,1'./2-%(!%-!*%&!8,?.%&! 0)2A,9+%&!contre lesquelles on désire lutter. L’isolement de souches doit 
donc se faire préférentiellement à partir d’un environn%1%2-!)m!%..%&!')+(()2-!_-(%!8)1'3-,-,7%&!
XC/A2+&&)2!+%#*,-R!B==E!Z!G+(.+Nr\a/Q/!+%#*,-R!B==D!Z!M)+&%!+%#*,-R!B==4!Z!C/-/1)()&!+%#*,-R!B==F!Z!
V/.%(,)!+%#*,-R!B==F!Z!V)+.A/(,!+%#*,-R!B=<=J#!O20,2R!,.!%&-!%&&%2-,%.!*%!8I),&,(!*%&!8,?.%&!'%(-,2%2-%&!
')+(!.%!8(,?./A%!*%!?/8-3(,%&!'(3&%2-/2-!*%&!/8-,7,-3&!/2-,0)2A,9+%&R!%-!'(303(%2-,%..%1%2-!,&).3%&!*%!
'()*+,-&! 8)2-/1,23&! XYT|A(%2R! B==D!Z! H,.%-! +%# *,-R! B==FJ#!Si l’objectif est de maîtriser la sécurité 
sanitaire d’un aliment, le choix des cibles sera axé sur les 1,8())(A/2,&1%&! '/-I)A;2%&#! O2!
(%7/28I%, il sera axé sur des microorganismes d’altération si l’objectif est d’allonger la G$>#!
!
Idéalement, les bactéries lactiques devraient être isolées à partir d’un milieu où elles sont en 
8)2-/8-! /7%8! *%&! 1,8())(A/2,&1%&! 0)2A,9+%&! afin d’optimiser les conditions d’expression des 
8)1')&3&! /2-,1,8()?,%2&! %-! /,2&,! 1/@,1,&%(! .%&! 8I/28%&! *%! (%28)2-(%(! *%&! ?/8-3(,%&! 9+,!
présentent ce type d’activité#!G%&! ,2-%(/8-,)2&! &)2-! 8)22+%&! %2-(%! ?/8-3(,%&! %-! .%7+(%&! */2&! *%&!
%27,()22%1%2-&!./,-,%(&!Xi/*/A/!+%#*,-R!B==<!Z!V,.T)%2R!B==<J!%-!./!(3A+./-,)2!*%!./!-(/2&8(,'-,)2!*%!
8%(-/,2%&!?/8-3(,)8,2%&!'/(!%@%1'.%R!%&-!&)+&!8)2-(].%!*+!v+)(+1NY%2&,2A!Xk%&!/2*!c)I2&?)(AR!
B==SJ#!On peut donc faire l’hypothèse que la capacité d’une souche à pro*+,(%! *%&!1).38+.%&!
antimicrobiennes, tant d’un point de vue qualitatif que quantitatif, est étroitement reliée à 
l’environnement microbien au sein duquel cette bactérie évolue. g2%! 0),&! ./W.%&! ?/8-3(,%X&J!
,&).3%X&JR! ./! (%8I%(8I%! '%+-! &%! 0)8/.,&%(! &+(! .%&! 1).38+.%&! ,1'.,9+3%&! %-! &+(! .%&! 138/2,&1%&!
d’inhibition mis en jeu. Les méthodes utilisées doivent préférentiellement être rapides, simples, 
&-/2*/(*,&3%&R!&%2&,?.%&!%-!(%'()*+8-,?.%&!XYT|A(%2R!B==DJ#!
!
5+!0,2/.R!+2%!&)+8I%!')-%2-,%..%1%2-!,2-3(%&&/2-%!*%7(/!_-(%!8/'/?.%!*%!8(),-(%!)+!-)+-!/+!1),2&!
*%! &+(7,7(%! `! -%1'3(/-+(%! (30(,A3(3%R! %-! '(3&%2-%(! +2%! /8-,7,-3! ,2I,?,-(,8%! )+! 0)2A,NW?/8-3(,)N
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!&-/-,9+%!8)2-(%!.%&!1,8())(A/2,&1%&!,2*3&,(/?.%&!au sein de l’aliment!.+,N1_1%!8/(/8-3(,&3!'/(!*%&!
'/(/1;-(%&!,2-(,2&;9+%&!X8)1')&,-,)2!'IQ&,8)N8I,1,9+%R!&-(+8-+(%J#!>%!&)2-!%2!%00%-!8%&!*%(2,%(&!
9+,!*3-%(1,2%2-!./!8/'/8,-3!de croissance de la souche protectrice et l’expression de son activité 
,2I,?,-(,8%!X:(,..%-!+%#*,-R!B==DJ#!
!
4" J$7R$(7R$&*$&%)+7R$%&/2-,0)2>,8+$%&Z&7(,<./>$&U(*!1(0&'V&
$%!8(,?./A%!*%!&)+8I%&!/8-,7%&!&%! 0/,-! &)+7%2-!%2!'(%1,%(! .,%+!'/(!*%&!%@'3(,1%2-/-,)2&! !"#$!%&'#!
g2%! *%&! 13-I)*%&! .%&! '.+&! 0(39+%11%2-! (%28)2-(3%&! */2&! ./! .,--3(/-+(%! %&-! .%! -%&-! %2! *)+?.%!
8)+8I%!XC/A2+&&)2!/2*!Y8I2(%(R!B==<!Z!Y-(|1!+%#*,-R!B==B!Z!C/A2+&&)2!+%#*,-R!B==E!Z!G/.!:%..)!+%#
*,-R! B==L!Z! M)+&%! +%# *,-R! B==4!Z! Y8I,..,2A%(! /2*! V,../((%/.R! B=<=!Z! V)+.A/(,! +%# *,-R! B=<=J#! >%.+,N8,!
8)2&,&-%! `!*3')&%(! +2! &')-! ?/8-3(,%2!ou une ligne d’environ 2 cm à partir d’une culture! )+! *%!
8).)2,%&! ,&).3es d’un milieu spécifique (lait,…)! *)2-! ./! GdK==21! %&-! &)+7%2-! /T+&-3%! X')+(!
'%(1%--(%! +2%! &-/2*/(*,&/-,)2JR! &+(! +2! 1,.,%+! A3.)&3! /*/'-3! `! ./! 8(),&&/28%! *%! ./! &)+8I%!
?/8-3(,%22%!-%&-3%#!5'(;&!8(),&&/28%!*/2&!.%&!8)2*,-,)2&!/*39+/-%&!`!./!&)+8I%!?/8-3(,%22%R!.%!&')-!
?/8-3(,%2! %&-! (%8)+7%(-! '/(! +2%! A3.)&%! `! 0/,?.%! 'ourcentage d’agar (0,7 à 0,8 %)! 8)2-%2/2-! .%!
8I/1',A2)2! %2! ,28.+&,)2! X<=S! 8%..+.%&! )+! &')(%&! '/(! 1.J#! 5'(;&! +2%! ,28+?/-,)2! /*39+/-%!
'%(1%--/2-!./!8(),&&/28%!*+!8I/1',A2)2!8,?.3R!l’/8-,7,-3!%&-!(373.3%!'/(!+2%!zone d’inhibition *%!
8(),&&/28%!*+!8I/1',A2)2!/+-)+(!*+!&')-#!!
!
$/! &%8)2*%! -%8I2,9+%! (%28)2-(3%! %&-! +2%!13-I)*%! *%! *,00+&,)2! %2! A3.)&%#! H.+&! %@/8-%1%2-R! .%!
&+(2/A%/2-!*%!8+.-+(%!?/8-3(,%22%R!/'(;&!/7),(!3-3!8%2-(,0+A3R!&-3(,.,&3!'/(! 0,.-(/-,)2! %-!8)28%2-(3!
)+!2)2!X&+,-%!`!+2%!.Q)'I,.,&/-,)2JR!%&-!*3')&3!%2!'+,-&!8(%+&3!*/2&!./!A3.)&%!X>)(&%--,!+%#*,-R!<FF4!Z!
C/A2+&&)2!/2*!&8I2(%(R!B==<!Z!5-/2/&&)7/!+%#*,-R!B==EJ!)+!&+(!*,&9+%!*3')&3!&+(!./!A3.)&%!XG%!
C+Q28a!+%#*,-R!B==SJ#!$%!8I/1',A2)2!8,?.%!%&-!&),-!,28.+&!*/2&!./!A3.)&%R!&),-!3-/.3!%2!&+(0/8%!XM)Q!
+%#*,-R!<FFKJ#!$/!A3.)&%!8)2-,%2-!3A/.%1%2-!un faible pourcentage d’agar pour faciliter la diffusion 
*%&! 1).38+.%&! /8-,7%&#! L’activité du surnageant est confirmée par une zone d’inhibition de 
8(),&&/28%!*+!8I/1',A2)2!/+-)+(!*+!'+,-&!)+!*+!*,&9+%#!!
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!O20,2R!)2!(%28)2-(%!/+&&,! .%!-%&-!*%!1,8()N-,-(/A%!%2!'+,-&!&+(!'./9+%#!g2!7).+1%!*%!&+(2/A%/2-!
8%2-(,0+A3R!&-3(,.,&3!'/(!0,.-(/-,)2!%-!8)28%2-(3!)+!2)2!%&-!13./2A3!`!*+!1,.,%+!*%!8+.-+(%!.,9+,*%!
8)2-%2/2-! <=S! &')(%&! )+! 8%..+.%&! *%! 8I/1',A2)2&! '/(! 1.#! $/! './9+%! %&-! ,28+?3%! %2! 8I/1?(%!
I+1,*%! `! ./! -%1'3(/-+(%! %-! '%2*/2-! ./! *+(3%! 238%&&/,(%&! `! ./! 8(),&&/28%! *+! 8I/1',A2)2! 8,?.3!
XC/A2+&&)2! /2*! Y8I2(%(R! B==<!Z! $/,-,./! +%# *,-R! B==B!Z! $/7%(1,8)88/! +%# *,-R! B==E!Z!i%(%\! +%# *,-R!
B==F!Z!V/.%(,)!+%#*,-R!B==F!Z!Y8I,..,2A%(!/2*!V,../((%/.R!B=<=J#!>%--%!13-I)*%!8)2&,&-%!`!37/.+%(!+2%!
inhibition de la germination du champignon par mesure de DO à 550 ou 580 nm et l’activité 
/2-,0)2A,9+%!%&-!%@'(,13%!%2!')+(8%2-/A%!*%!(3*+8-,)2!*%!./!A%(1,2/-,)2!)+!*%!./!8(),&&/28%#!
!
H)+(! .%&! *%+@! *%(2,;(%&! -%8I2,9+%&! 8,-3%&R! .%! &+(2/A%/2-! '%+-! '(3/./?.%1%2-! _-(%! &)+1,&! `!
*,003(%2-&! -(/,-%1%2-&! /0,2! *%! 8/(/8-3(,&%(! '/(-,%..%1%2-! ./! 2/-+(%! 8I,1,9+%! *%&! 8)1')&3&!
'(3&%2-/2-! +2%! /8-,7,-3! /2-,0)2A,9+%#! $%! 8I/+00/A%R! ./! 2%+-(/.,&/-,)2! *+! '6! %-! *%&! -(/,-%1%2-&!
%2\Q1/-,9+%&!*+!&+(2/A%/2-!X2)-/11%2-!/7%8!*%&!'()-3/&%&!-%..%&!9+%!'()-3,2/&%!lR!-(Q'&,2%!%-!
'%'&,2%J!XC/A2+&&)2!/2*!Y8I2(%(R!B==<!Z!5-/2/&&)7/!+%#*,-R!B==E!Z!M)+&%!+%#*,-R!B==4J!&)2-! .%&!
'.+&!8)+(/11%2-!+-,.,&3&#!
!
9" Evaluation de l’activité (*!)(06&
$%&!?/8-3(,%&!./8-,9+%&!'(3&%2-/2-!+2!0)(-!')-%2-,%.!/2-,0)2A,9+%!!"#$!%&'!*),7%2-!%2&+,-%!_-(%!-%&-3%&!
/+!&%,2!*+!'()*+,-!*/2&!.%9+%.!)2!&)+I/,-%!.%&! ,2-()*+,(%R!8/(!8I/9+%!1/-(,8%!%&-!*30,2,%!'/(!+2!
%nsemble de paramètres qui vont influencer l’activité des souches#! G%! 2)1?(%+@! 0/8-%+(&R!
biotiques et abiotiques, peuvent affecter l’activité d’une souche et/ou des composés 
/2-,1,8()?,%2&! Xi.7%\! +%# *,-R! B==LJ#!k)-/11%2-R! ,.! %&-! 8)22+! 9+%! .%! '6! %-! ./! 7,&8)&,-3!d’une 
matrice influencent les caractéristiques antimicrobiennes d’une souche#!Y)+7%2-R! ,.!/!3-3!'()+73!
9+%!l’activité d’une souche augmentait dans une matrice en gel!XY8Ip%22,2A%(!/2*!C%,.%R!B==SJ#!!
$%&!?/8-3(,%&! ,2I,?,-(,8%&!'%+7%2-!_-(%!+-,.,&3%&!*,(%8-%1%2-!8)11%! 0%(1%2-&R!)+!8)+'.3%&!`!*%&!
0%(1%2-&!-(/*,-,)22%.&!*/2&!+2!'()*+,-!./,-,%(!*30,2,#!Il est avant tout nécessaire de s’assurer que 
.%&! &)+8I%&! -%&-3%&! &)2-! 8/'/?.%&! *%! 8()h-(%! )+! -)+-! /+! 1),2&! *%! &+(7,7(%! %-! *%! (%&-%(!
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!13-/?).,9+%1%2-!/8-,7%&!*/2&!.%&!8)2*,-,)2&!*%!0/?(,8/-,)2!%-!*%!&-)8a/A%!*+!'()*+,-!%2!9+%&-,)2R!
&/2&! %2-(%(! %2! 8)1'3-,-,)2! /7%8! .%&! 0%(1%2-&#! >%..%&N8,! 2%! *),7%2-! '/&! /.-3(%(! .%&! '()'(,3-3&!
-%8I2).)A,9+%&! %-!)(A/2).%'-,9+%&!*+!'()*+,-!dans les concentrations nécessaires à l’inI,?,-,)2#!
5,2&,R!*%&!37/.+/-,)2&! &%2&)(,%..%&! &)2-! %&&%2-,%..%&!suite à l’application de ces souches dans un 
produit. Dans certains cas, il est apparu que l’ajout de souches protectrices pouvait /7),(! *%&!
%00%-&!')&,-,0&!&+(!./!-%@-+(%!*+!'()*+,-!$!*!./!'()*+8-,)2!d’EPS '/(!%@%1'.%!XU/p0,a!+%#*,-R!B==S!Z!
O.NYI/0%,!+%#*,-R!B==4J#!!
O20,2R! */2&! .%&! -%&-&! %00%8-+3&R! ,.! %&-! 238%&&/,(%! *%! &%! (/''()8I%(! /+!1/@,1+1! *%&! 8)2*,-,)2&!
(3%..%&! *%! '()*+8-,)2R! *%! &-)8a/A%! %-! *%! 8)2-/1,2/-,)2! X5kYOYR! B==4J#! $%! 1)*%! *%!
8)2-/1,2/-,)2! X%2! &+(0/8%! )+! %2! ,28.+&,)2J! *3-%(1,2%! .%! 8I),@! *%! ./! 8,?.%! `! -%&-%(! X/3()?,%! )+!
/2/3()?,%J!%-!*+! -/+@!*%!8)2-/1,2/-,)2#!G/2&! .%&!8I/..%2A%! -%&-&R! ./!8)2-/1,2/-,)2!%&-! &)+7%2-!
%00%8-+3%! `! +2! -/+@! *%! <=B! g[>! *3')&3&! %2! &+(0/8%R! )+! *%! <=B! g[>W1.! %2! ,28.+&,)2!
XY8Ip%22,2A%(!/2*!C%,.%R!B==SJ!Z!./!-%1'3(/-+(%!*%!&-)8a/A%!%&-!8I),&,%!&+'3(,%+(%!)+!3A/.%!`!./!
-%1'3(/-+(%!*%!&-)8a/A%!(3%..%R! -)+-!8)11%!./!*+(3%!*+! -%&-R!9+,!%&-! 8I),&,%!3A/.%!)+!/../2-!/+N
*%.`!*%!./!G$>!*+!'()*+,-#!
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!"#$%&'()*$&*+,-./%0$*$12,/'-$3&.4$*
L’objectif général du projet était d’obtenir une culture!" #$%&'(")*"%$+,(!"-("./0,12$(#" '/0,$3*(#!"
&)*4/5," 6,2(" *,$'$#1(" &)*2" '/" .$)70)5#(24/,$)5" -(" &2)-*$,#" '/$,$(2#" 8(2%(5,1#" ,('#" 3*(" '(#" '/$,#"
8(2%(5,1#!" '(#"9/)*2,#")*" '(#" 82)%/:(#" 82/$#;"Ainsi, nous avons émis l’hypothèse que le lait cru 
pouvait être un réservoir de bactéries lactiques antifongiques, et que ces bactéries, puisqu’isolées 
du lait, auraient la capacité de s’y développer et d’y être compétitive#;""
L’objec,$8" &2(%$(2" /" -)50" 1,1" -(" 0)5#,$,*(2" *5(" $%&)2,/5,(" 0)''(0,$)5" -(" ./0,12$(#" '/0,$3*(#"
/5,$8)5:$3*(#" /8$5" -(" -$#&)#(2" -(" #*88$#/%%(5," -(" %/,12$('" .$)'):$3*(" &)*2" #1'(0,$)55(2" '(#"
#)*0<(#" &)*4/5," $5<$.(2" '/" 02)$##/50(" -(#" 0)5,/%$5/5,#" 8)5:$3*(#" -/5#" '(#" &2)-*$,#" '/$,$(2#"
8(2%(5,1#;" La constitution de cette collection a été l’occasion d’étudier la prévalence et la 
.$)-$4(2#$,1"-(#"./0,12$(#"'/0,$3*(#"/5,$8)5:$3*(#"-/5#"'("'/$,"02*"0<(=",2)$#"(#&>0(#"'/$,$>2(#;"
?("5)%.2(*+"/*,(*2#")5,"%$#"(5"14$-(50("'/"&21#(50e d’une grande variété de bactéries lactiques 
-/5#"'("'/$,"02*"@A(-$5/"!"#$%&!"BCCD"E"F/'')5"!"#$%&!"BCCG"E"H2/50$)#$"!"#$%&!"BCCIJ, alors que d’autres 
ont analysé l’activité antifongique de bactéries lactiques isolées d’environnements divers"
@A/:5*##)5"!"#$%&!"BCCK"E"L)*#("!"#$%&!"BCCM"E"N/'(2$)"!"#$%&!"BCCI"E"O0<$''$5:(2"/5-"N$''/22(/'!"BCDC"E"
N)*':/2$"!"#$%&!"BCDCJ;"En revanche, aucune étude n’a jamais porté sur la biodiversité des bactéries 
'/0,$3*(#" /5,$8)5:$3*(#" -/5#" *5(" 5$0<(" 10)'):$(" &/2,$0*'$>2(!" 5$" #*2" '(#" &/2/%>,2(#" &)*4/5,"
l’influencer;""
P/"&2(%$>2("1,/&("-("0("&2)Q(,"-(",<>#("/"-)50"1,1"-("%(,,2("(5"14$-(50("(,"d’$#)'(2"'(#"0)')5$(#"
&21#(5,/5,"*5("/0,$4$,1"/5,$8)5:$3*("0)5,2("-$8812(5,(#"0$.'(#"#*2"-$8812(5,#"%$'$(*+"#(%$7#1'(0,$8#"
-(#"./0,12$(#"'/0,$3*(#!"sur une période d’une année et #*2"-(#"10</5,$'')5#"-("'/$,"&2)4(5/5,"-("K"
(#&>0(#""'/$,$>2(#;"?(#",(#,#"&21'$%$5/$2(#!"21/'$#1#"#*2"-(#"10</5,$'')5#"-("'/$,"-("4/0<("&2)4(5/5,"
d’une seule ferme, s’éta$(5," %)5,21#" &(*" 0)50'*/5,#" @/*0*5(" 0)')5$(" active n’avait alors été 
-1,(0,1(J;"R)*#"/4)5#"-)50"décidé de travailler sur des laits de mélange provenant d’une tournée"
-("0)''(0,("-(" '/$,!" (,"-("-$4(2#$8$(2" '/"&2)4(5/50("-(#"10</5,$'')5#"(5"1,*-$/5,"-(#" '/$,#"-(" ,2)$#"
(#&>0(#" '/$,$>2(#" @4/0<(!" .2(.$#" (," 0<>42(J!" récoltés à différentes périodes de l’année (hiver, 
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&2$5,(%&#!"1,1S/*,)%5(J"/8$5"-("%/+$%$#(2"'/"-$4(2#$,1"./0,12$(55("(,"'/"&2)./.$'$,1"-("%(,,2("(5"
14$-(50("-(#"#)*0<(#"/0,$4(#;"P(#"tests d’activité ont été effectués sur M"%$'$(*+"#(%$7#1'(0,$8#"-(#"
./0,12$(#" '/0,$3*(#" (," 0)5,2(" 3*/,2(" 0$.'(#" 8)5:$3*(#" @'()*($# $+,-$%$.#/%012!3,-1)!4# %$)"(4!"50),3"
6%0-7!04"(,"'!+()(%%(0-"!86$+40-) communément rencontrées dans l’altération des produits laitiers 
8(2%(5,1#;""
P(#"21#*',/,#"-("0(,,("&2(%$>2("1,*-("@F</&$,2("T"-("'/"&/2,$("L1#*',/,#J!"5)*#")5,"/%(51#"U"5)*#"
$5,(22):(2"#*2"*5"14(5,*('"lien entre l’expression de l’activité antifongique des bactéries lactiques 
et la présence d’un environnement microbien inducteur."T'"(#,"(5"(88(,"0)55*"3*("'/"21:*'/,$)5"-("
'/" ,2/5#02$&,$)5"-("0(2,/$5(#"./0,12$)0$5(#"(#," #)*#"0)5,2V'("-*"W*)2*%7O(5#$5:"(,"-)50" $5-*$,("
par l’environnement microbien des bactéries inhibitrices (Nes /5-"X)<5#.)2:!"BCCYJ;"R)*#"/4)5#"
/')2#"#*&&)#1"3*("'("0)5,/0,"-(#"./0,12$(#"'/0,$3*(#"/4(0"-(#"0</%&$:5)5#"-/5#"'("'/$,"8/4)2$#/$,"
l’expression par ces dernières de composés anti8)5:$3*(#;""
Z5" &/2,/5," -(" 0(,,(" <9&),<>#(!" '/" #(0)5-(" 1,*-(" @F</&$,2(" TT" -(" '/" &/2,$("L1#*',/,#J" /" (*" &)*2"
objectif de mettre en évidence un lien entre l’expression de l’act$4$,1" /5,$8)5:$3*("-(#"./0,12$(#"
'/0,$3*(#" $#)'1(#"-(#" 10</5,$'')5#"-(" '/$,#" 02*#" *,$'$#1#"-/5#" '/"&2(%$>2(" 1,*-(!" (," '/"&21#(50("-("
0</%&$:5)5#" $5-*0,(*2#"-/5#"0(#"%6%(#"10</5,$'')5#;"[$5#$" '/".$)-$4(2#$,1"-(#"0</%&$:5)5#"/"
1,1" /5/'9#1(" -/5#" '(#" 10</5,$'')5#" -(" '/$," 02*" 210)',1#" ')2#" -(" '/" &2(%$>2(" #(%/$5(" -(" 0</3*("
&12$)-("d’10</5,$'')55/:(;"
R)*#"/4)5#" 8$5/'(%(5,"#1'(0,$)551")5=("#)*0<(#"-(" '/0,)./0$''(#"/5,$8)5:$3*(#"&2)4(5/5,"-(" '/"
0)''(0,$)5" -(" #)*0<(#" 1,/.'$(" /*" 0)*2#" -(" '/" &2(%$>2(" 1,*-(!" #(')5" '(*2" spectre d’action et 
l’intensité de leur /0,$4$,1"/5,$8)5:$3*(;"L’objectif de '/",2)$#$>%("1,*-("@F</&$,2("TTT"-("'/"&/2,$("
L1#*',/,#J" était d’identifier ces isolats (," -(" 0/2/0,12$#(2" 0(2,/$5(#" -(" '(*2#" &2)&2$1,1#"
,(0<5)'):$3*(#" (5" 4*(" -(" '(*2" *,$'$#/,$)5" (5" ,/5," 3*(" 0*',*2(" &2),(0,2$0(" -/5#" '(" 9/)*2,!" 0<)$#$"
comme modèle d’étude au laboratoire."F(,,("/0,$4$,1"/"1,1"14/'*1("0)5,2("\"0$.'(#"@9!7$31,-1)!4"
*$+4!+((!"/%012!3,-1)!4"%$)"(4!"/%012!3,-1)!4"-$38($+04!":*,;,",30%$"-0)(%$<(+,4$!"=$33,>($#%(6,%1"()$"
(,"'!+()(%%(0-"73!2(),-6$)"0-J"&'*#"#&10$8$3*(%(5,"&2).'1%/,$3*(#"&)*2"'("9/)*2,;""
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?(*+"-(#"#)*0<(#",(#,1(#"@?7&#*$37(+!+4(4"];NI;K;DR&"(,"?7&#3*$-+,404"];FM;K;DTJ"&21#(5,/5,"*5("
8)2,(" /0,$4$,1" (+# 4("0" @F</&$,2(" TTTJ!" 5)*#" /4)5#" 0<(20<1" U" %$(*+" 0/2/0,12$#(2" '(#" 0)5-$,$)5#"
#*#0(&,$.'(#"-("%)-*'(2"'(*2"/0,$4$,1;"L’objectif de cette quatrième étude @F</&$,2("TN"-("'/"&/2,$("
L1#*',/,#J"/"-)50"1,1"-("-1,(2%$5(2" #$" 0(2,/$5#"&/2/%>,2(#" ,(0<5)'):$3*(#" @/Q)*,"-(" #/00</2)#(!"
-*21(" -(" 8(2%(5,/,$)5!" 0)%.$5/$#)5" -(" #)*0<(#" &2),(0,2$0(#J" '$1#" U" '/" 8/.2$0/,$)5" -(#" '/$,#"
8(2%(5,1#" 0)%%(" '(" 9/)*2,!" ainsi qu’U" '(*2" ,/*+" -(" 0)5,/%$5/,$)5!" &)*4/$(5," %)-*'(2" '(#"
&2)&2$1,1#" /5,$8)5:$3*(#" -(" 0(#" -(*+" #)*0<(#" 0)5,2(" =&# %(6,%1"()$!" *5(" '(4*2(" &/2,$0*'$>2(%(5,"
-$88$0$'("U"$5<$.(2;"
"
"
"
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!"#$%&'&#(
!"#$%&'()%)
!
!
!
!
!
"#$%#&'()#*+!%')!,-.*+(#')!/-.*#01')!
-2*#3$24#01')!%-2)!%')!+.5-2*#//$2)!%'!/-#*)!
.(1)!%'!&-.5'6!%'!,(',#)!'*!%'!.57&('6!(+.$/*+)!
sur une période d’un'!-22+'!
!
8!
!
"#$%#&'()#*9!$3!-2*#3124-/!/-.*#.!-.#%!,-.*'(#-!
#)$/-*'%!3($:!(-;!:#/<!)-:=/')!3($:!.$;6!';'!
-2%!4$-*!$&'(!$2'89'-(!='(#$%!
!
!
!
!
!
!!
!
!
!
!
"#$%$&!'&%()&**&+! ,-./#&!012*$&.+! 3.(*45!'-*$&%+! 6&1.7&8! 9(.:$&.! (*;!6<&*(=%%&! >&! 9%(?!
@ABCADE!9$1;$)&.8$F?!1G!(*F$G2*7(%! %(4F$4!(4$;!:(4F&.$(!$81%(F&;!G.1#!.(<!#$%5!8(#H%&8!G.1#!41<+!
&<&!(*;!71(F!1)&.!1*&I?&(.!H&.$1;E!!"#$%"&#'("&)*+(,%"&)*(-*.((/*0'1%(2'()(34!>??+!CJKICLBE!
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>&8!H.1;2$F8! %($F$&.8! G&.#&*F-8! F&%8!M2&! %&8! %($F8! G&.#&*F-8+! %&8!?(12.F8! &F! %&8! G.1#(7&8! G.($8! 81*F!
H(.F$42%$N.&#&*F! 8&*8$:%&8! (2O! 41*F(#$*(F$1*8! G1*7$M2&8! @P1Q#! $#* &)5+! CLLA!R! S2$8! $*TF! U&%;+!
CLLVD. Ces champignons sont responsables d’altérations et $%8! 81*F! H1F&*F$&%%&#&*F!
#?41F1O?*17N*&8! @W(*F(12$I"%(.(5$! (*;! XQ(::(Y$+! CLJZ!R! P1Q#! $#* &)5+! CLLA! R! [&%81*+! CLL\!R!
]$FF+! ABBB!R! ^&*72*! $#* &)5+! ABBJDE! >&8! H&.F&8! -41*1#$M2&8! M2$! &*! .-82%F&*F! H&2)&*F! _F.&!
considérables et étaient jusqu’alors limitées par l’utilisation de conservateurs chimiques!@9.2%!(*;!
`11F&+! CLLL!R! ^#$FQ! (*;! S1*7I^Q2#+! ABB\D. Cependant, l’émergence de résistances à ces 
41*8&.)(F&2.8+! %(! #-G$(*4&! 4.1$88(*F&! ;&8! 41*81##(F&2.8! )$8IaI)$8! ;&8! (;;$F$G8! (%$#&*F($.&8! &F!
l’évolution ;&!%(!%-7$8%(F$1*!&2.1H-&**&!@9.2%!(*;!`11F&+!CLLLD, tendent aujourd’hui à limiter leur 
2F$%$8(F$1*!&F!8$!H188$:%&!a!%&8!.&#H%(4&.!H(.!;&8!#-FQ1;&8!;&!41*8&.)(F$1*!H%28!;124&8!F&%%&8!M2&!
l’utilisation de cultures protectrices. Les bactéries lactiques, naturellement présentes dans un 
7.(*;!*1#:.&!;&!H.1;2$F8!%($F$&.8!G&.#&*F-8+!&F!.&41**2&8!H12.!%&2.!$**142$F-!@9&.*(.;&(2!$#*&)5+!
ABBJ!R!"3^b+!ABBLD+!81*F!;&!:1**&8!4(*;$;(F&8!H12.!%(!:$1I41*8&.)(F$1*E!'&!*1#:.&28&8!-F2;&8!
1*F!#$8!&*!&O&.72&!%&2.!(4F$)$F-!(*F$#$4.1:$&**&!&F!H%28!8H-4$G$M2&#&*F!%&2.!(4F$)$F-!(*F$G1*7$M2&!
@^4Q*c.&.! (*;!Magnusson, 2005). Selon l’environnement 4Q1$8$! &F! %&8! #-FQ1;&8! 2F$%$8-&8+! B! a!
dK!% d’entre elles H188N;&.($&*F!;&8!(4F$)$F-8!(*F$G1*7$M2&8!@0(7*2881*!$#*&)5+!ABB\!R!'&!02?*45!
$#*&)5+!ABBZ!R!P128&!$#*&)5+!ABBJ!R!6&.&Y!$#*&)E+!ABBL!R!U(%&.$1!$#*&)5+!ABBL!R!^4Q$%%$*7&.!(*;!U$%%(..&(%+!
ABCB!R!U12%7(.$!$#*&)5+!ABCBD. Cependant, aucune étude n’a décrit!jusqu’à présent+!;(*8!2*&!*$4Q&!
-41%17$M2&! H(.F$42%$N.&! 41##&! %&! %($F+! %(! H.-)(%&*4&! &F! %&8! )(.$(F$1*8! H-.$1;$M2&8! ;&8! :(4F-.$&8!
%(4F$M2&8! (*F$G1*7$M2&8! &*! 41#H(.($81*! (2! *1#:.&! F1F(%! ;&! :(4F-.$&8! %(4F$M2&8! ;(*8! 2*!#_#&!
-4Q(*F$%%1*E!>&8!:(4F-.$&8!%(4F$M2&8!.&H.-8&*F&*F!;&!AB!a!\B!e!;&8!:(4F-.$&8!F1F(%&8!;2!%($F!4.2+!&F!
&%%&8!peuvent provenir de différentes sources (peau de l’animal, aliment, étable, etc.)!@S&##&!(*;!
3124(2;I^4Q&2*&#(**+! ABBZ!R! W($%%$&Y+! ABBZ!R! X(75%$! $#* &)5+! ABBd!R!01G.&;f! $#* &)5+! ABBdDE! >&2.!
(:1*;(*4&!&F!%&2.!;$)&.8$F-!;(*8!%&!%($F!4.2!)(.$&*F!;1*4!en fonction de l’animal, des conditions de 
F.($F&, des saisons, de l’alimentation, etcE!@6(?(!$#*&)5+!CLLL!R!0$4Q&%!$#*&)5+!ABBC!R!'.(512%(.(512!
$#*&)5+!ABB\!R!U&.;$&.I0&FY!$#*&)5+!ABBLDE!
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L’objectif de cette étude!a été d’évaluer la biodiversité des bactéries lactiques antifongiques dans 
;$GG-.&*F8! -4Q(*F$%%1*8! ;&! %($F! 4.2! ;&! )(4Q&+! ;&! 4QN).&! &F! ;&! :.&:$8+! 41%%&4F-8! 82.! 2*&! (**-&+!
pendant trois semaines consécutives sur trois périodes d’échantillonnage difG-.&*F&8!H12.!4Q(M2&!
(*$#(%! @Q$)&.+! H.$*F&#H8! &F! -F-g(2F1#*&D! ;(*8! F.1$8! Y1*&8! 7-17.(HQ$M2&8! ;&! 3.(*4&E! >&8!
:(4F-.$&8!F1F(%&8!&F!%&8!:(4F-.$&8!%(4F$M2&8!1*F!-F-!;-*1#:.-&8!.&8H&4F$)&#&*F!82.!;&8!#$%$&2O!*1*!
8-%&4F$G8!&F!8&#$I8-%&4F$G8E!>&8!#$%$&2O!8&#$I8-%&4F$G8+!4Q1$8$8!H12.!8-%&4F$1**&.!;$GG-.&*F8!7&*.&8!;&!
:(4F-.$&8! %(4F$M2&8+! &F! *1F(##&*F! 4&2O! 41##2*-#&*F! .&F.12)-8! ;(*8! %&! %($F! @6"#$%(1(11,7+!
8&1#(1(11,7+!9$/'(1(11,7+!8&1#(2&1')),7+!8$,1("(7#(1D+!1*F!-7(%&#&*F!-F-!2F$%$8-8!H12.!&GG&4F2&.!%&8!F&8F8!
d’activité8!(*F$G1*7$M2&8E!`&8!;&.*$&.8!1*F!-F-!.-(%$8-8!;$.&4F&#&*F!82.!%&8!;$GG-.&*F&8!;$%2F$1*8!;&!
:(4F-.$&8! -F(%-&8! 82.! %&8! #$%$&2O! 8&#$I8-%&4F$G8! ;&! G(h1*! a! #(O$#$8&.! %&8! chances d’$81%&.! ;&8!
8124Q&8!(4F$)&8E!>&8! 4Q(#H$7*1*8! 4Q1$8$8!;(*8! 4&FF&! -F2;&! @:),4;$%(<41$7* )&1#'7+!9'1='&* &"(<&)&+!
0,1(%* >),<2$,7+! 9$"'1'))',<* $?>&"7,<D! 81*F! ;&8! 41*F(#$*(*F8! G.-M2&*F8! ;&8! H.1;2$F8! %($F$&.8!
G&.#&*F-8E! >&8!#-FQ1;&8! 2F$%$8-&8! 81*F! H%28! H.-4$8-#&*F! &OH18-&8! ;(*8! %(! H(.F$&! i!#(F-.$&%8! &F!
#-FQ1;&8!j!;&!%(!H2:%$4(F$1*!(8814$-&!(2!4Q(H$F.&!kE!
 
@+)1/*-*)!'*!A#).1))#$2!
W128!%&8!-4Q(*F$%%1*8!;&!%($F!-F($&*F ;1#$*-8+!H(.#$!%(!H1H2%(F$1*!;&!:(4F-.$&8!%(4F$M2&8+ H(.!;&8!
41M2&8!6.(#IH18$F$G+! 4(F(%(8&! *-7(F$)&! (HH(.F&*(*F! H.-81#HF$)&#&*F! (2O! 7&*.&8!8&1#(1(11,7! &F 
8$,1("(7#(1E!>&8!&*F-.141M2&8+!%&8!%(4F1:(4$%%&8!&F!%&8!:(4F-.$&8!%(4F$M2&8!H8?4Q.1F1%-.(*F&8 -F($&*F!
H.-8&*F8! &*! plus faibles concentrations (≤ 4,5 logCB! l3`g#%D! @9! mB+BKDE! >&8! H-.$1;&8!
d’échantillonnage n’ont pas! $*G%2&*4-!%&8!41*4&*F.(F$1*s microbiennes des laits, à l’exception de 
%(! 41*4&*F.(F$1*! &*! %(4F1:(4$%%&8! M2$+! ;(*8! %&8! %($F8! ;&! :.&:$8+! -F($F! 8$7*$G$4(F$)&#&*F! H%28! G($:%&!
durant la seconde période d’échantillonnage.!b$*8$+! $%! (! -F-!#1*F.-! M2&! %&8! 41*4&*F.(F$1*8!;&8!
populations bactériennes sont influencées par l’environnement @`(%%1*! &F! (%E+! ABBdD! &F!
*1F(##&*F+! %&8! G1.F&8!4Q2F&8!;&!H%2$&!dans l’Aveyron!à l’époque correspondant à 4&FF&!H-.$1;&!
H12..($&*F!&OH%$M2&.!4&FF&!;$#$*2F$1*E!
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D’après la littérature,! %&8! (4F$)$F-8! (*F$#$4.1:$&**&8! s’expriment de façon différente selon! %(!
41mposition de la communauté microbienne, l’environnement et %&8! 41*;$F$1*8! ;&! 4.1$88(*4&!
@]G&$%&.!(*;!X%(&*Q(##&.+!ABBd!R!P128&!$#!&)5+!ABBJ!R!^4Q$%%$*7&.!(*;!U$%%(..&(%+!ABCBDE!`&4$!(!-F-!
;-#1*F.-!;&! G(h1*! G%(7.(*F&!;(*8! 4&FF&! -F2;&!M2$! (!#$8! &*! -)$;&*4&! %’influence significative de 
l’origine du lait,!;&! %(!période d’échantillonnage,!;2!4Q(#H$7*1*!4$:%-!&F!;2!milieu d’isolement 
;es bactéries sur l’activité!(*F$G1*7$M2&!&F!82.!%(!;$)&.8$F-!;&8!:(4F-.$&8!$81%-&8E!!
B(#4#2'!%1!/-#*!
^2.!H%28!;&!dB!BBB!$81%(F8!4.$:%-8+!C!A\K!1*F!-F-!$81%-8!(H.N8!()1$.!.-)-%-!;&8!$*Q$:$F$1*8!82.!:1nF&E!
^&2%&#&*F! B+K! e! ;&8! 41%1*$&8! $81%-&8! a! H(.F$.! ;&8! %($F8! ;&! :.&:$8! 1*F! .-)-%-! 2*&! (4F$)$F-!
(*F$G1*7$M2&+!41*F.&!C+J!&F!A+K!e!a!H(.F$.!;&8!%($F8!;&!4QN).&!&F!;&!)(4Q&+!.&8H&4F$)&#&*FE!b$*8$+!
H(.#$!%&8!41%1*$&8!(*F$G1*7$M2&8+!J!e!1*F!-F-!$81%-&8!a!H(.F$.!;&!%($F8!;&!:.&:$8+!F(*;$8!M2&!Z\!e!&F!
ZL!e!1*F!-F-!$81%-&8+!.&8H&4F$)&#&*F+!a!H(.F$.!;&8!%($F8!;&!4QN).&!&F!;&!)(4Q&E!
Période d’échantillonnage!
l*&! *&FF&! (27#&*F(F$1*! ;2! H12.4&*F(7&! ;&! 41%1*$&8! (4F$)&8! $81%-&8! (! -F-! 1:8&.)-&! &*F.&! %(!
seconde et la troisième période d’échantillonnage à partir des laits de vache (C+Z! ;7! \+C!e! ;&!
41%1*$&8! (4F$)&8D! &F! ;&! 4QN).&! @B+L! ;7! A+A! e! ;&! 41%1*$&8! actives). Ceci n’a cependant pas été 
1:8&.)-! H12.! %&8! 41%1*$&8! $81%-&8! a! H(.F$.! ;&8! %($F8! ;&! :.&:$8! @B+J! ;7! B+\!e! ;&! 41%1*$&8! (4F$)&8DE!
Ainsi, 50 % des isolats antifongiques ont été isolés durant la troisième période d’échantillonnage. 
Aucune explication claire ne peut être fournie pour expliquer l’augmentatio*!;2!H12.4&*F(7&!;&!
souches actives isolées des laits de vache et de chèvre à la troisième période d’échantillonnage. 
"lle ne peut pas être due à la physiologie des animaux car la même variation n’est pas observée 
4Q&Y! F128! %&8! (*$#(2O! &F! H(.4&! M2&+! 4Q&Y! %es vaches, il n’y a pas de synchronisation de la 
parturition. Elle peut plutôt s’expliquer par l’alimentation et/ou les changements de saison. Pour 
les chèvres et les vaches, la seconde période d’échantillonnage a eu lieu en juin, et la troisième en 
(2F1#*e. L’ensilage, qui peut être une source de bactéries lactiques antifongiques (9.1:&.7!$#*&)5+!
ABBd!R!X(%(č+!ABCCD, ne fait pas partie de l’alimentation des brebis,!et n’est pas donné aux vaches 
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et aux chèvres au printemps (seconde période d’échantillonnageDE!^1*!2F$%$8(F$1*!12!*1*!H12..($F!
H&2FI_F.&!&OH%$M2&.!%(!G($:%&!41*4&*F.(F$1*!;&!8124Q&8!(*F$G1*7$M2&8!;(*8!%&8!%($F8!;&!:.&:$8E!
C5-:=#42$2!
Comme dans l’étude de S(88(*!(*;!92%%&.#(*!@ABBJD+*95*$?>&"7,<!s’est révélé être une cible très 
8&*8$:%&!H2$8M2&!\!e!;&8!41%1*$&8!4.$:%-&8!41*F.&!4&!4Q(#H$7*1*!1*F!H.-8&*F-!2*&!(4F$)$F-E!b$*8$+!
ZJ+K!e!;&8! 8124Q&8!(4F$)&8!1*F!-F-! $81%-&8!41*F.&!95* $?>&"7,<E!A l’inverse+!95*&"(<&)&! -F($F!2*&!
4$:%&!:&(2412H!#1$*8!8&*8$:%&!4(.!8&2%&#&*F!B+V!e!;&8!41%1*$&8!4.$:%-&8!41*F.&!4&FF&! %&)2.&!1*F!
#1*F.-!2*&!(4F$)$F-+!41*F.&!B+L!e!&F!A!e!H12.!:5*)&1#'7!&F!05*>),<2$,7+!.&8H&4F$)&#&*FE!`&FF&!G($:%&!
occurrence d’isolats actifs contre 95*&"(<&)&!a déjà été décrite dans l’étude de Magnusson $#*&)E!
(2003), et peut s’expliquer par une G1.F&!F1%-.(*4&!;&!95*&"(<&)&!a!;&8!41*4&*F.(F$1*8!-%&)-&8!&*!
(4$;&8!1.7(*$M2&8!@>$*;!$#*&)5+!ABBKDE!!!
Milieu d’isolement !
"*)$.1*! JV!e!;&8! 41%1*$&8! (4F$)&8! 1*F! -F-! $81%-&8! 82.! ;&8!#$%$&2O! a!:(8&! ;&!0P^! @>b0Ub9+!
0P^!(4$;$G$-!&F!0P^!$*42:-!a!CBo`D+!&F!H(.#$!&%%&8+!%(!#1$F$-!H.1)&*($F!;&!%($F8!;&!)(4Q&!&F!;&!
4QN).&! 41%%&4F-8! ;2.(*F! %(! F.1$8$N#&!H-.$1;& d’échantillonnage. L’influence notable des milieux 
d’isolement sur le nombre de souches antifongiques isolées s’explique par l’acétate contenu dans 
%&! 0P^+! 41**2! H1ur maximiser l’activité antifongique @^F$%&8! $#* &)5+! ABBA!R! >$*;! $#* &)5+! ABBK!R!
^4Q$%%$*7&.!(*;!U$%%(..&(%+!ABCBDE!!
D%'2*#3#.-*#$2!%')!)$1.5')!!
En raison de la très forte proportion d’isolats actifs contre 95* $?>&"7,<, l’identification 
H.-%$#$*($.&! ;&8! $81%(F8! H(.! 8-M2&*h(7&! H(.F$&%! ;2! 7N*&! 41;(*F! l’ARNr 16^, s’est limitée aux 
$81%(F8! (4F$G8! 41*F.&!05* >),<2$,7+!:5* )&1#'7! &F!95* &"(<&)&E! ](.#$! %&8! d\\! $81%(F8! 8-M2&*4-8+! LZ!e!
(HH(.F&*($&*F!(2!7&*.&!8&1#(2&1')),7+! %&! .&8F&! 8&! .-H(.F$88(*F!&*F.&! %&8!7&*.&8!8$,1("(7#(1! @\+d!eD+!
6"#$%(1(11,7! @C+L! eD! &F! 8&1#(1(11,7! @B+Z! eDE! `&8! F.1$8! ;&.*$&.8+! H12.F(*F! #(f1.$F($.&8! H(.#$! %&8!
:(4F-.$&8!%(4F$M2&8!;2!%($F!4.2!@`(%%1*!$#*&)5+!ABBd!R!3.(*4$18$!$#*&)5+!ABBLD+!&F!H12)(*F!-7(%&#&*F!8&!
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;-)&%1HH&.!82.!%&8!#$%$&2O!a!:(8&!;&!0P^, n’ont montré que très peu d’activitéE!b$*8$+!#_#&!8$!
les milieux utilisés pour l’isolement des bactéries ont pu induire un biais, 1*!H&2F!82HH18&.!M2&!%&!
7&*.&!8&1#(2&1')),7!a présenté plus d’activité antifongique que!%&8!(2F.&8E!Cette hypothèse s’appui&!
également sur le fait que, dans beaucoup d’études, la majorité des bactéries la4F$M2&8!
(*F$G1*7$M2&8!(HH(.F$&*F!a!4&!7&*.&!@^4Q*c.&.!(*;!0(7*2881*+!ABBKDE!
C$:=-(-#)$2!%')!/-.*$,-.#//')!!
](.#$! %&8! %(4F1:(4$%%&8+! 4%(88-8! &*! 7.12H&8! HQ?%17-*-F$M2&8+! KK!e! (HH(.F&*($&*F! (2! 7.12H&!825*
1&7$'+!CL!e!(2!7.12H&!825*%$,#$%'+!Cd!e!(2!7.12H&!825*>)&"#&%,<!&F!d!e!8&2%&#&*F!(2!7.12H&!825*
2,1="$%'+ %&8!A!e!.&8F(*F8!(HH(.F&*(*F!(2O!7.12H&8*825*/$)2%,$1@''+!825*>$%()$"7+!825*7&)';&%',7!&F!825*
1(%4"'-(%<'7E! >&! 7.12H&! 825* 1&7$'+! ($*8$! M2&! %&! 7.12H&! 825* >)&"#&%,<+! 81*F! G.-M2&##&*F! ;-4.$F8!
41##&!#(f1.$F($.&8!H(.#$!%&8!%(4F1:(4$%%&8!;2!%($F!4.2!@0&;$*(!$#*&)5+!ABBC!R!3.(*4$18$!$#*&)5+!ABBLDE!!
E=+.#3#.#*+!.#,/'8#)$/-*)!-2*#3$24#01')!
`&FF&!-F2;&!(!-7(%&#&*F!H&.#$8!;&!#&FF.&!&*!-)$;&*4&!;&8!;-H&*;(*4&8!&*F.&!F(O1*8!:(4F-.$&*8!&F!
4Q(#H$7*1*8! $*Q$:-8+!()&4!2*&!82.&OH.&88$1*!;&!:(4F-.$&8!(4F$)&8!41*F.&!2*!4Q(#H$7*1*!H%2F/F!
qu’un autre dans certains laits et à certaines périodes d’échantillonnageE!>&8!7.12H&8!825*1&7$'!&F!
825*%$,#$%'!-F($&*F!82.I.&H.-8&*F-8!4Q&Y!%&8!:(4F-.$&8!$81%-&8!41*F.&!05*>),<2$,7+!&F!82.I.&H.-8&*F-8!
dans les échantillons de lait de vache et/ou de chèvre de la troisième période d’échantillonnage. 
>&! 7.12H&! 825* >)&"#&%,<! -F($F! 82.I.&H.-8&*F-! 4Q&Y! %&8! :(4F-.$&8! $81%-&8! 41*F.&!:5* )&1#'7+! &F! 82.I
représenté dans les échantillons de lait de vache de la deuxième période d’échantillonnage et de 
lait de chèvre de la première période d’échantillonnage. Enfin, le groupe 825* 2,1="$%'! -F($F! 82.I
.&H.-8&*F-!4Q&Y!%&8!:(4F-.$&8!(4F$)&8!41*F.&!95*&"(<&)&+!&F!82.I.&H.-8&*F-!;(*8!%&8!-4Q(*F$%%1*8!;&!
lait de vache de la deuxième période d’échantillonnage.! Les mécanismes d’action des isolats 
(*F$G1*7$M2&8!*&!81*F!(4F2&%%&#&*F!H(8!&*41.&!-%24$;-8+!4&H&*;(*F! %(!#$8&!&*!-)$;&*4&!;&! %$&*8!
&*F.&! 4&.F($*8! 7.12H&8! ;&! %(4F1:(4$%%&8! &F! 4&.F($*&8! 4$:%&8! G1*7$M2&8! H12..($F! _F.&! (8814$-&! a!
différentes productions d’acides organiques et/ou d'éthanol par les lactobacilles antifongiques et 
%&8! ;$GG-.&*4&8! ;&! 8&*8$:$%$F-8! ;&8! 4$:%&8! G1*7$M2&8! a! 4&8! #-F(:1%$F&8E! >&! G($F! M2&! F.N8! H&2! ;&!
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%(4F1:(4$%%&8!(*F$G1*7$M2&8!Q1#1G&.#&*F($.&8!($&*F!-F-! $81%-8+! 8277N.&!M2&! %(!H.1;24F$1*!;T(4$;&!
(4-F$M2&!(!f12-!2*!./%&!#(f&2.!;(*8!%T(4F$)$F-!(*F$G1*7$M2&!;&8!$81%(F8E!`&H&*;(*F+!4&!*T-F($F!H(8!%(!
8&2%&!#1%-42%&!(*F$G1*7$M2&!H.1;2$F&E!'&8!(*(%?8&8!S]>`+!&GG&4F2-&8!82.!4&.F($*8!$81%(F8+!1*F!#$8!
en évidence la production d'autres molécules antifongiques telles que l’acide ph-*?%%(4F$M2&+!
l’acid&!A!H?..1%$;1*&IKI4(.:1O?%$M2&!ou bien encore l’acide caproïque. L’activité synergique!d’un 
#-%(*7&!;&!;$GG-.&*F&8!#1%-42%&8!(*F$G1*7$M2&!F&%%&8!M2&!%&!H&.1O?;&!;TQ?;.17N*&+!%&!;$1O?;&!;&!
4(.:1*&+! %&8! (4$;&8! 7.(8! 12! %&8! 41#H18-8! ;&! G($:%&! H1$;8! #1%-42%($.&! @(4$;&8! HQ-*?%%(4F$M2&+!
Q?;.1O?HQ-*?%%(4F$M2&+! AIH?..1%$;1*&IKI4(.:1O?%$M2&! &F! ;$H&HF$;&8! 4?4%$M2&8D! *&! H&2F! ;1*4! _F.&!
exclue, notamment dans l’inhibition de 95*&"(<&)&A*F.N8!.-8$8F(*F&!(2O!(4$;&8!%(4F$M2&!&F!(4-F$M2&E!!
`&FF&!-F2;&!(!#$8!&*!-)$;&*4&!M2&!%&8!%($F8!;&!)(4Q&!&F!;&!4QN).&!H&2)&*F!_F.&!41*8$;-.-8!41##&!
;&8!.-8&.)1$.8!;&!:(4F-.$&8!%(4F$M2&8!(*F$G1*7$M2&8+!41*F.($.&#&*F!(2O!%($F8!;&!:.&:$8E!>(!#(f1.$F-!
;&8! $81%(F8! (*F$G1*7$M2&8! (HH(.F&*($F! (2! 7&*.&!8&1#(2&1')),7. Ce genre est certainement l’un des 
H%28! (4F$G8! 41*F.&! %&8! 4Q(#H$7*1*8! H(.#$! %&8! :(4F-.$&8! %(4F$M2&8! ;2! %($F! 4.2E! >(! ;-H&*;(*4&!
&O$8F(*F! &*F.&! F(O1*8! :(4F-.$&*8! &F! 4$:%&8! G1*7$M2&8! ;(*8! 4&.F($*8! %($F8! &F! a! 4&.F($*&8! H-.$1;&8!
d’échantillonnage! *128! (! 41*;2$F8! a! *128! $*F&..17&.! 82.! 2*! -)&*F2&%! lien entre l’expression de 
l’activité antifongique des bactéries lactiques et la présence d’un environnement G1*7$M2&!
$*;24F&2.E!`&FF&!M2&8F$1*!(!-F-!%&!H1$*F!;&!;-H(.F!;&!%(!8&41*;&!-F2;&!H.-8&*F-&!;(*8!4&F!12).(7&+!
dont l’objectif a été d’évaluer la diversité fongique dans les mêmes échantillons de laits crus.!
!
!
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Biodiversity of antifungal lactic acid bacteria isolated from raw milk samples from
cow, ewe and goat over one-year period
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Antifungal lactic acid bacteria (ALAB) biodiversity was evaluated in raw milk from ewe, cow and goat over
one year period. Lactic acid bacteria were enumerated using 8 semi-selective media, and systematically
screened for their antifungal activity against 4 spoilage fungi commonly encountered in dairy products.
Depending on the selective medium, between 0.05% (Elliker agar) and 5.5% (LAMVAB agar) screened colonies
showed an antifungal activity. The great majority of these active colonies originated from cow (49%) and goat
(43%) milks, whereas only 8% were isolated from ewe milk. Penicillium expansum was the most frequently
inhibited fungus with 48.5% of colonies active against P. expansum among the 1235 isolated, followed by
Mucor plumbeus with 30.6% of active colonies, Kluyveromyces lactis with only 12.1% of active colonies and
Pichia anomala with 8.7% of active colonies. In the tested conditions, 94% of the sequenced active colonies
belonged to Lactobacillus. Among them, targeted fungal species differed according to the Lactobacillus
group, whose presence largely depended on year period and milk origin. The Lb. casei and Lb. reuteri groups,
predominantly recovered in summer/fall, were overrepresented in the population targeting M. plumbeus,
whereas isolates from the Lb. plantarum group, predominantly recovered in spring, were overrepresented
in the population targeting K. lactis, the ones belonging to the Lb. buchneri group, predominantly recovered
in spring, were overrepresented in the population targeting P. anomala. Raw milk, especially cow and goat
milks from the summer/fall period appeared to be a productive reservoir for antifungal lactobacilli.
© 2012 Elsevier B.V. All rights reserved.
1. Introduction
Milk and fermented dairy products are favorable environments for
yeasts and molds growth that can be involved in fermentation or food
spoilage (Rohm et al., 1992). They may ferment lactose and sucrose,
utilize lactate, hydrolyze lipids and proteins and may grow at refrigera-
tion temperatures (Huis in't Veld, 1996). Food spoilage fungimay be re-
sponsible for production of gas, alcohol and undesirable aromatic
compounds leading to ﬂavor and texture defects, and economic losses
(Rohm et al., 1992; Torkar and Vengust, 2008). Certain molds may
also synthesize awide panel ofmycotoxins detrimental to the consumer
health (Nelson, 1993; Pitt, 2000; Tantaoui-Elaraki and Khabbazi, 1984).
To avoid fungal spoilage, numerous chemical preservatives are used, in-
cluding organic acids, sodium benzoate, potassium sorbate, potassium
benzoate and pimaricin (Brul and Coote, 1999; Smith and Hong-Shum,
2003). However, increasing resistances of fungi toward chemical preser-
vatives, consumers demand for healthy and natural products and legis-
lation evolution (Brul and Coote, 1999), have lead industrials to ﬁnd
new means of preservation such as bioprotective cultures like Micro-
GARD® and HOLDBAC™ (Danisco, Niebûll GMBH, Germany).
Lactic acid bacteria (LAB) are good candidates for fermented dairy
food biopreservation. They are naturally present in yogurts, creams,
fresh and mature cheeses and some of them possess antimicrobial ac-
tivities (Pfeiler and Klaenhammer, 2007; Schnurer and Magnusson,
2005). Moreover, most of them belong to the qualiﬁed presumption
of safety (QPS) and generally recognized as safe (GRAS) lists which
insure their safe use in food (Bernardeau et al., 2008; Rossetti et al.,
2009). Only few lactic acid bacteria such as enterococci remain ex-
cluded from this status and require more vigilance because of their
role in infection cases and spreading of antibiotic resistance genes
(Mathur and Singh, 2005). Based on literature data, 0% to 75% LAB
would have antifungal properties (De Muynck et al., 2004; Gerez, et
al., 2009; Magnusson et al., 2003; Rouse et al., 2008; Schillinger and
Villarreal, 2010; Valerio et al., 2009; Voulgari et al., 2010). This huge
variation in the percentage of active LAB is explained by differences
in methods for activity testing including medium utilized for LAB
growth and targeted fungi. Until now, no study has systematically de-
scribed, in a speciﬁc niche such as milk, the prevalence and the period-
ical variations of antifungal LAB, tested with the same method, and
compared these data with the total number of LAB present in the
same sample.
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LAB represent 20–30% of total bacterial counts in raw milk, but
conditions of production, season, breeding and the animal origin of
milk inﬂuence their abundance and diversity (Drakoularakou et al.,
2003; Gaya et al., 1999; Michel et al., 2001; Verdier-Metz et al.,
2009). According to Medina et al. (2001), enterococci represent the
majority of LAB (48%) in ewe raw milk, followed by lactobacilli (Lac-
tobacillus casei and Lactobacillus plantarum) (30%), lactococci (14%)
and Leuconostoc spp. (8%). Franciosi et al. (2009) showed that 94%
of isolated LAB in cow's milk included lactococci, enterococci and
streptococci, the remaining 6% isolates were lactobacilli (mostly
Lb. casei, Lactobacillus delbrueckii, Lactobacillus paracasei and Lb. plan-
tarum), Leuconostoc and pediococci. LAB commonly encountered in
goat's milk are Lactococcus lactis, Lactococcus gravieae, Enterococcus
faecalis, Leuconostoc mesenteroides and Lb. casei (Callon et al., 2007).
LAB from rawmilk may originate from various sources, which can ex-
plain diversity found among seasons, animal species, etc. They can di-
rectly come from milk, but also from animals' environment. Indeed,
Leuconostoc spp. come from vegetation and roots but can easily propa-
gate and persist in various niches such as rawmaterials. Their presence
in milk is due to contamination (Hemme and Foucaud-Scheunemann,
2004). The ubiquitous genera Lactococcus and Lactobacillus may come
from plants, feces or udder skin (Kagkli et al., 2007; Mofredj et al.,
2007; Tailliez, 2004).
The objective of this work was to evaluate the biodiversity of anti-
fungal LAB in different raw milk samples, coming from ewe, cow and
goat and collected at three different periods (winter, spring and
summer/fall) over one year in three collect areas in France. To reach
our goal, bacteria were enumerated in eight semi selective media used
for LAB enumeration and overlaid with four targeted fungi commonly
involved in the spoilage of dairy products.
2. Materials and methods
2.1. Raw milk samples
Rawmilk was sampled during year 2009 in refrigerated bulk tanks
from milk collecting trucks coming from restricted areas in three
French “Départements” according to the three tested species: ewe
(Aveyron), goat (Deux Sèvres) and cow (Ille-et-Vilaine). For each
species, nine raw milk samples were collected during three succes-
sive weeks at three periods of the year (winter, spring and summer/
fall). They corresponded to January, April and July for ewes; February,
June and November for goats; and February, June and September for
cows. These periods were different depending on species; they corre-
sponded to different lactation periods (beginning, middle and end)
for ewes and goats as well as different feeding conditions. In winter,
ewes were kept in sheep-folds and they were fed with dried food
(grains and hay), they did not receive silage. They started to graze
outside in spring. Cows and goats were mainly kept in stalling during
winter and fed with dried and humid food (hay, silage and grains);
they started to graze outside in spring. Milk samples (500 ml) were
aseptically taken in refrigeration tanks, kept at 4 °C, sent to the labo-
ratory and analyzed within 48 h. Milk pH was recorded and 10 ml
were immediately used for bacterial enumeration.
2.2. Enumeration of total and lactic acid bacteria
Rawmilk samples (10 ml) were serially diluted 10-fold in peptone
water (0.1%, pH 7) and plated in quadruplicate on both non selective
and semi-selective media. Total bacteria were enumerated on plate
count agar (PCA) supplemented with 1% milk (AES Chemunex, Bruz,
France) (Michel et al., 2001) and Elliker agar (Sigma-Aldrich, Saint-
Quentin Fallavier, France) (Carr et al., 2002; Randazzo et al., 2002;
Teuber, 1993). Lactobacilli were enumerated on LAMVAB, an MRS-
based medium supplemented with vancomycin and acidiﬁed to pH
5 (Coeuret et al., 2003; Hartemink et al., 1997; Henri-Dubernet et
al., 2008). Enterococci, pediococci and lactobacilli were enumerated
on acidiﬁed MRS (pH 5.5) (Carr et al., 2002; Randazzo et al., 2002).
The kanamycin esculin azide agar medium (KEA, Sigma-Aldrich)
was chosen for enterococci (Franciosi et al., 2009; Teuber, 1993).
M17 and a PCA based-medium enriched with 10% of milk and supple-
mented with nalidixic acid (PCA-ATB) were used to enumerate lacto-
cocci (Corroler et al., 1998; Franciosi et al., 2009). Leuconostoc strains
were enumerated on Mayeux Sandine and Elliker (MSE, AES Chemu-
nex, Bruz) medium (Randazzo et al., 2002) and psychrotolerant lactic
acid bacteria enumerated on MRS (pH 6.2) at 10 °C for 4 to 7 days
(Teuber, 1993). Fungi were enumerated on yeast extract glucose
chloramphenicol medium (yeast extract 0.5%; glucose 2%; chloram-
phenicol 100 mg/l) at 25 °C (Casalta et al., 2009). Depending on pop-
ulation tested, plates were incubated aerobically or in anaerobic jars
at 10, 21, 30 or 37 °C for up to 7 days according to reference instruc-
tions. Cell counts were expressed as Log10 CFU/ml of milk. After enu-
meration, four plates of each dilution were overlaid with the four
tested fungi.
2.3. Preparation of yeast cell and mold spore suspensions
Four ubiquitous fungi, commonly encountered in cheese and yo-
gurt spoilage (Caggia et al., 2001; Hayaloglu and Kirbag, 2007;
Wouters et al., 2002) were chosen as indicator microorganisms for
antifungal assays. The molds Penicillium expansum CBS 32.548NT
and Mucor plumbeus CBS 129.41T came from the Culture Collection
of Centraalbureau voor Schimmelcultures (CBS, Utrecht, The Nether-
lands). The yeasts Pichia anomala LMSA 2.01.001 and Kluyveromyces
lactis CLIB196 came from the “Souchothèque de Bretagne” culture col-
lection (Université de Brest, Plouzané, France) and “Collection de
Levures d'Intérêt Biotechnologique” (INRA, Thiverval-Grignon,
France), respectively.
Molds were cultivated on potato dextrose agar (PDA, Difco, Le
Pont de Claix, France) slants for a few days at 25 °C until spores
were formed. Spores were then harvested with sterile distilled
water supplemented with 0.1% Tween-80 and the suspension was
spread on PDA in a Roux ﬂask to increase spore production (Roy et
al., 1996). Spores were harvested, enumerated using a Malassez cell
and stock suspensions were standardized to a ﬁnal concentration of
107 spores/ml before storage at −80 °C in glycerol (10%, v/v).
Before use, yeasts were subcultured in a yeast extract and malt
basedmedium (YEMA) composed of yeast extract (0.3%) andmalt ex-
tract (2%) for 24 to 48 h at 25 °C. One hundred microliters of this sus-
pension were inoculated in 10 ml of YEMA broth and incubated
aerobically at 25 °C for 24 h. Cells were enumerated with a Malassez
cell and the resulting suspension was standardized at a concentra-
tion of 106 cells/ml in peptone water (0.1%). Yeast stocks were
maintained at −80 °C in YEMA supplemented with glycerol (30%,
v/v).
2.4. Antifungal activity assays
After enumeration of LAB, agar plates used for bacterial enumera-
tion (except for the non-selective PCA medium) with less than 300
colonies were overlaid with 8 ml of PDA for molds or YEMA medium
for yeasts (agar 0.8%) containing 104 fungal spores or yeast cells per
ml. Plates were then incubated at 25 °C and areas of inhibition
recorded after 48 h (Magnusson and Schnürer, 2001). Active colonies
showing clear inhibition area, were isolated on appropriated growth
medium supplemented with amphotericin (5.6 mg/ml) (Sigma-
Aldrich), followed by a minimum of three successive subcultures.
A second antifungal activity assay was performed on puriﬁed iso-
lates to conﬁrm theﬁrst test. Active isolatesweremaintained in growth
medium supplemented with glycerol (30%, v/v) at−80 °C.
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2.5. Identiﬁcation of antifungal isolates
Isolates were examined by phase-contrast microscopy, Gram
stained and tested for the presence of catalase. For isolate identiﬁca-
tion, total DNA was extracted from 1.5 ml of pure culture obtained
after 18 h incubation in MRS broth as described previously by
Randazzo et al. (2002), and used as template for the 16S rRNA gene
ampliﬁcation with the pA/pH bacterial universal primers pair
(Edwards et al., 1989; Zamﬁr et al., 2006). PCR amplicons were se-
quenced at the Biogenouest sequencing platform in the “Station Bio-
logique de Roscoff” (http://www.sb-roscoff.fr/SG/) and sequences
were aligned on the NCBI website (http://www.ncbi.nlm.nih.gov/
BLAST) (October 2010) for species assignment.
2.6. Statistical analyses
Statistical analyses were performed using STATGRAPHICS Plus 5.1
package (Statistical Graphics Corp., VA, USA). A three-way analysis of
variance (ANOVA) was used to compare microbial counts on agar
media and to assess the effects of animal species (A: cow, goat or
ewe), periods of sampling (P: ﬁrst, second or third), enumeration
media and interactions between them. When signiﬁcant effects
were found, individual means were compared by one-way ANOVA
using the Tukey's honestly signiﬁcant difference (HSD) test. Statistical
signiﬁcance was set at Pb0.05 level. Microbial counts on enumeration
agar were expressed as means (Log10 CFU/ml) of four replicates. De-
pendences between numbers of antifungal isolates were obtained
by Chi Square test of independence under Microsoft® Ofﬁce Excel
2003 software (Microsoft Ofﬁce Professional Edition 2003). Statistical
signiﬁcance was set at Pb0.05 level for this test. Animals, periods of
sampling, media, dilutions, fungal targets and taxa were considered
as variables.
2.7. Lactobacilli biodiversity analyses
The diversity of lactobacilli was analyzed according to animals and
sampling periods, by calculating the ratio (pi) between number of an-
tifungal Lactobacillus belonging to phylogenetic group i (ni) and the
total number of lactobacilli (N): pi=ni/N, for each animal-sampling
period couple. Diversity was measured by the Shannon index (H)
(Shannon and Weaver, 1963) using the following equation: H=−Σ
pi Log2 (pi). The higher the H index is, the greater the diversity.
Each animal-sampling period couple containing different numbers
of Lactobacillus groups, the diversity within each animal-sampling pe-
riod couple was also compared by calculating the equitability (E=H/
log2 [S], with S being the number of Lactobacillus groups). The equita-
bility can vary from 0 to 1, an E value equal to 0 means that one spe-
cies clearly dominates among others, whereas an E value close to 1
indicates that individuals from each group have an equitable
distribution.
3. Results
3.1. Microbial enumeration in milk
Mean total bacteria concentrations enumerated on non-selective
media (PCA and Elliker) ranged from 4.7±0.4 to 5.9±0.5 Log10 CFU/
ml, whereas fungal concentrations were signiﬁcantly lower (Pb0.05)
and ranged from 3.5±0.6 to 4.7±0.7 Log10 CFU/ml depending on ani-
mal and sampling periods (Table 1). Milk samples, whatever their ori-
gin, were dominated by LAB cocci such as presumptive lactococci
(PCA–ATB) and Leuconostoc (MSE) (values≥4.2 Log10 CFU/ml). Entero-
cocci, Lactobacillus spp. and psychrotolerant LAB were present in signif-
icantly lower concentrations (Pb0.05). In most media, including fungal
selective medium, cowmilk samples harbored signiﬁcantly lower plate
counts (Pb0.05) than goat milk, and ewe milk counts lay in between.
However, LAMVAB harbored signiﬁcantly higher counts (Pb0.05) in
cow and goat, compared to ewe milk samples. Consequently, the
average count of lactobacilli from the three sampling periods, in cow
and goatmilk sampleswere 10 times higher than those of ewemilk sam-
ples (Pb0.0001). Sampling periods did not have a signiﬁcant inﬂuence
on bacterial populations except for Lactobacillus spp. Indeed, their con-
centration signiﬁcantly increased on LAMVAB medium between the
second and third sampling periods (Pb0.0001) in ewe milk' samples.
3.2. Isolated antifungal lactic acid bacteria
3.2.1. Effect of milk origin, sampling periods and targeted fungi
Bacterial colonies grown on 8 different media and originating
from 27 raw milk samples collected at three different sampling pe-
riods in three animal species were screened for their antifungal activity
against four targeted fungi. Among the 71,833 tested colonies, 1235
colonies (i.e. 1.7% of tested colonies) showed a detectable antifungal
activity and were subsequently isolated. Most of the ALAB were
Table 1
Bacterial and fungal populations enumerated with plate counts (Log10 CFU/ml) during the ﬁrst, second and third sampling periods in ewe, goat and cow's milk samples.
Bacteria Fungi
Elliker PCA M17 PCA ATB MSE MRS pH5.5 KEA LAMVAB MRS 10 °C YEGC
Cow P1 5.2a 4.4a 4.7a 3.8a 4.1a 3.6a 3.3a 3.8a 3.6a 4.0a
P2 5.0a 4.8a 4.5a 4.6a 4.5a 3.6a 4.4a 4.0a 2.7ª 3.0a
P3 4.7a 4.9a 4.7a 4.3a 4.3a 4.1a 3.9a 4.0a 3.5a 3.4a
M 4.9A 4.7A 4.6A 4.2A 4.3A 3.8A⁎ 3.9A⁎ 3.9A⁎ 3.4AB⁎ 3.5A⁎
Goat P1 6.2a 5.4a 5.5a 5.0a 4.9a 4.4a 4.5a 3.3a 3.7a 5.0a
P2 5.9a 5.9a 5.3a 5.3a 5.1a 4.7a 4.8a 4.1a 5.5a 4.3a
P3 5.8a 5.7a 5.3a 4.8a 4.2a 4.4a 4.2a 4.3a 3.6a 4.8a
M 5.9B 5.5A 5.4B 5.0B 4.7A 4.5A 4.5B⁎ 3.9A⁎ 4.1A⁎ 4.7B
Ewe P1 – 6.3a 6.2a 4.8a 4.2ª 4.1a 4.2a 3.1a 2.8a 4.7a
P2 4.8a 4.3a 3.7b 4.1a 3.9a 3.2ª 3.7a 1.7b 2.3a 2.8b
P3 5.6a 5.4a 5.2ab 5.2a 4.8a 5.2a 4.8a 4.8c 4.1a 4.2a
M 5.2AB 5.4A 5.0AB 4.7AB 4.3A 4.2A⁎ 4.2AB 3.2B⁎ 2.9B⁎ 4.1A⁎
A 0.04 0.05 0.04 0.04 0.1 0.07 0.003 0.0001 0.04 0.001
P 0.4 0.4 0.01 0.7 0.9 0.05 0.07 0.0001 0.7 0.002
AP 0.02 0.01 0.02 0.06 0.06 0.06 0.001 0.0001 0.1 0.5
Data are means of four plate count replicates for each sampling period (P1: ﬁrst sampling period; P2: second sampling period and P3: third sampling period) in three animals (ewe,
goat and cow). Data in bold are means of the three sampling periods for each animal species (M: mean values of P1, P2 and P3). ANOVA analysis was used to assess the effects of
animal species (A), periods of sampling (P) and interactions between them (AP).Effects of sampling periods (P1, P2 and P3) on bacterial populations for each enumeration medium:
values with different letters (small letters a, b and c) in a column are signiﬁcantly different by Turkey Kramer–HSD test (Pb0.05). Effects of animal species (M) on bacterial
populations for each enumeration medium: values with different letters (capital letters A, B) in a column are signiﬁcantly different by Turkey Kramer–HSD test (Pb0.05). Plate
counts signiﬁcantly different from PCA and Elliker counts in a row (data in bold) at the signiﬁcance level: * Pb0.05.
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recovered from cow (49%) and goat (43%) milk, whereas only 8%
were recovered from ewe's milk. A dramatic increase in the total
number of active colonies was observed between the second and
third sampling periods for cow (167 vs. 282 active colonies) and
goat (102 vs. 321 active colonies), but not for ewe's milk (25 vs. 31
active colonies). Overall, around 50% of total antifungal isolates
were recovered during the third sampling period.
Among the 4 targeted fungi, P. expansum was inhibited by the
greatest number of isolates with 599 isolates representing 48.5% of
total isolates. M. plumbeus was the second most frequently inhibited
funguswith 378 isolates (30.6% of total isolates), K. lactis and P. anomala
were inhibited bymuch less isolates with a total recovery of 150 (12.1%
of total isolates) and 108 isolates (8.7% of total isolates), respectively.
According to the Chi Square test of independence, isolates active against
M. plumbeus were overrepresented (Pb0.05) in cows and goat's milks
during the third sampling period, those active against K. lactis were
overrepresented (Pb0.05) in goat and cow milks during the ﬁrst and
second sampling periods, respectively, whereas isolates active against
P. anomala were overrepresented (Pb0.05) in goat and cow milks in
the second sampling period (Table 2). Active colonies were found in
the same proportions in cow and goat milk samples with 49 and 46%
of isolates active against P. expansum, 31 and 32% againstM. plumbeus,
and 13 and 12% against K. lactis, respectively. Isolates active against P.
anomala were less numerous in cow's milk than in goat's milk (7% vs.
12%). In ewe'smilk, the distribution pattern of active isolates was differ-
ent from that of cow and goat's milks. A much lower number of isolates
was recovered from ewe milk and the number of isolates was equally
distributed in the three sampling periods. Moreover, the active isolates
mainly showed antifungal activities against P. expansum.
3.2.2. Effect of medium on antifungal activity
Eighty six percent of the 1235 isolates came from the three MRS-
based media, e.g., LAMVAB (605 isolates), MRS-5.5 (355 isolates)
and MRS-10 °C (97 isolates). The remaining 178 isolates were
obtained from the ﬁve other overlaid media (Elliker, M17, KEA,
PCA–ATB and MSE). LAMVAB, MRS-5.5 and MRS-10 °C showed 5.5%,
3% and 1% of active colonies, respectively among ca 11,000 screened
colonies for each medium. Differences were noticed in the same me-
dium according to milk origin, sampling period and targeted fungus.
The percentages of active colonies were systematically higher in
cow's milk than in goat's milk for LAMVAB (9.5 vs. 5.6%) and MRS-
5.5 (4.9 vs. 2.3%) media but not in MRS-10 °C (0.7 vs. 1.2%). When re-
ferring on sampling periods, an increase in the percentages of active
colonies was observed for cow (plus 10 to 210%) and goat (plus 160
to 230%) milks, between the second and third sampling periods on
LAMVAB and MRS-5.5, but not on MRS-10 °C. Ewe's milk showed a
very different pattern to that of cow and goat milks with low percent-
ages of active colonies for the three MRS-based media (1.5±0.3%)
whatever the sampling period, despite a signiﬁcant increase in lacto-
bacilli concentrations.
3.3. Identiﬁcation of isolates active against M. plumbeus, K. lactis and
P. anomala
Because of the high number of isolates active against P. expansum,
only isolates active against M. plumbeus (417 isolates), K. lactis (186
isolates) or P. anomala (130 isolates) were sequenced. Among them,
690 isolates (94%) belonged to Lactobacillus, 26 (3.6%) to Leuconostoc,
12 (1.7%) to Enterococcus and 2 (0.3%) to Lactococcus genera. The vast
majority (92%) of antifungal lactobacilli were isolated on MRS-based
media, the 8% remaining were isolated on MSE, KEA and PCA–ATB.
Leuconostoc spp. were isolated on MRS-10 °C and MSE, and Enterococ-
cus spp. on KEA and MSE. Surprisingly, the 2 isolates of Lactococcus
spp. were not recovered on PCA–ATB nor Elliker media, but on MSE
and MRS-5.5.
The 690 antifungal isolates belonging to the Lactobacillus genus
were ranked into eight phylogenetic groups according to Felis and
Dellaglio (2007) and Canchaya et al. (2006) classiﬁcations. The ma-
jority of them belonged to the Lb. casei group (55%), followed by Lac-
tobacillus reuteri (19%), Lb. plantarum (17%) and Lactobacillus buchneri
(7%) groups. The remaining 2% belonged to the Lb. delbrueckii, pero-
lens, salivarius or coryniformis groups.
Isolates from the Lb. casei group were overrepresented (Pb0.05)
on LAMVAB, during the third sampling period in both cow and goat
milks, and among populations targeting M. plumbeus (Tables 3 and 4).
A very similar pattern was observed for the Lb. reuteri group that was
overrepresented on LAMVAB, in goat milk from the third sampling pe-
riod and among populations targetingM. plumbeus. As for the Lb. plan-
tarum group, that was overrepresented on MRS-10 °C in the ﬁrst
sampling period for goat and second sampling period for cow, and
among populations targeting K. lactis, whereas the Lb. buchneri group
was overrepresented on MRS-5.5 during the second sampling period
in milk's cow and populations targeting P. anomala.
The diversity of antifungal Lactobacillus groups differed according
to animal species and sampling periods (Table 5). Ewe milk harbored
the smallest diversity compared to goat and cow milks with H index
varying from 0.0 to 1.5 compared to 1.1 to 1.8 and 1.3 to 1.8 for cow
and goat milks, respectively. A transient increase in lactobacilli diver-
sity was however observed for all tested animals between the ﬁrst
and second sampling periods before decreasing in the third sampling
period. With the exception of the ﬁrst period of sampling in ewe char-
acterized by an overrepresentation of the Lactobacillus casei group, no
Lactobacillus group clearly dominated according to E values (Table 5).
4. Discussion
Facing the need for protective cultures adapted to dairy products,
we wondered whether milk could be a natural reservoir of ALAB. This
study aimed at giving an overview of ALAB communities present in
raw milk collected over one-year from three different dairy animals
(cow, goat and ewe) in three restricted geographic areas of France.
Table 2
Numbers of antifungal lactic acid bacteria isolates according to animals, sampling pe-
riods and targeted fungi.
Animals Sampling
periods
Targeted fungi
P. expansum M. plumbeus K. lactis P. anomala
Ewe First 18 (+6) 6 (−2) 1 (−2) 0 (−2)
Second 33 (+12) 8 (−5) 3 (−2) 0 (−4)
Third 12 (−3) 10 (+1) 5 (+1) 4 (+1)
Cow First 118 (+45) 21 (−25) 12 (−6) 0 (−13)
Second 53 (−28) 48 (−3) 31 (+11) 35 (+20)
Third 102 (−35) 120 (+34) 26 (−8) 34 (+9)
Goat First 58 (+4) 19 (−15) 23 (+10) 11 (+1)
Second 45 (−4) 27 (−4) 9 (−3) 21 (+12)
Third 160 (+4) 119 (+20) 40 (+1) 3 (−25)
Data in brackets represent the differences between obtained values and that predicted
with the Chi test of independence. Data in bold are signiﬁcantly overrepresented in
comparison to predicted values (Pb0.05).
Table 3
Numbers of antifungal Lactobacillus spp. isolates according to their targeted fungi.
Targeted
fungi
Lactobacillus phylogenetic groups
casei reuteri plantarum buchneri
P. anomala 62 (−9) 20 (−4) 26 (+5) 18 (+8)
K. lactis 88 (−12) 33 (−1) 47 (+17) 10 (−3)
M. plumbeus 230 (+21) 75 (+5) 42 (−21) 23 (−5)
Data in brackets represent the differences between obtained values and that predicted
with the Chi test of independence. Data in bold are signiﬁcantly overrepresented in
comparison to predicted values (Pb0.05).
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In a ﬁrst step, total and lactic acid bacteria (LAB) populations were
enumerated, for the three animals during the three sampling periods,
on common non selective and LAB semi-selective media. Total bacte-
rial concentration was signiﬁcantly higher in goat's milk compared to
cow's milk, whereas concentration of total bacteria in ewe's milk lay
in between. Milk samples, whatever their origin were dominated by
Gram-positive catalase-negative cocci (presumptive lactococci and
Leuconostoc), whereas enterococci and lactobacilli were present in
signiﬁcantly lower concentrations.
Antimicrobial activities depend onmicrobial community composi-
tion as well as environment and growth conditions (Pfeiler and
Klaenhammer, 2007; Rouse et al., 2008; Schillinger and Villarreal,
2010). Milk samples, targeted fungi and enumeration media used
for ALAB screening were then chosen to provide the highest LAB bio-
diversity. Signiﬁcant differences in antifungal activities were ob-
served according to sampling periods, targeted fungi, growth media
and milk origins. P. expansum was the most frequently inhibited fun-
gus (3% of screened colonies), followed by M. plumbeus (2%), K. lactis
(0.9%) and P. anomala (0.6%). Low occurrence of LAB active against
P. anomala has already been observed by Magnusson et al. (2003)
who did not ﬁnd any active LAB against P. anomala over 1200 LAB
strains tested on MRS agar. In contrast, P. expansum is described as a
sensitive target for antifungal activity screening by Hassan and
Bullerman (2008). Such differencemay be due to their sensitivity to lac-
tic and acetic acids. P. expansum is sensitive to organic acids (Dalié et al.,
2010), whereas P. anomala can tolerate high concentrations of them
(Lind et al., 2005).
In this study, the vast majority (1057 over 1235) of active colonies
were recovered on MRS based-media in the third sampling periods,
with the highest frequency found on LAMVAB—pH 5 (5.5% of
screened colonies), followed by MRS—pH 5.5 (3% of screened colo-
nies) and MRS—pH 6.6 (1% of screened colonies). Indeed, it is
known that sodium acetate, present in MRS agar, increases antifungal
activity of LAB and that acidic pH potentiate its effect (Lind et al.,
2005; Stiles et al., 2002; Schillinger and Villarreal, 2010). No clear ex-
planation can be drawn for the increase in the percentage of active
colonies observed between the second and third sampling periods
in cow and goat milks for LAMVAB and MRS-5.5 media. This increase
was probably not linked to animal physiology because it was not ob-
served in ewes (in end lactation during the third sampling period, like
goats) and that cow's parturition was not synchronized, but rather to
feeding and/or seasonal changes since the second sampling period oc-
curred in June, and the third in fall for both goats and cows.
Among the733 sequenced isolates, 94% belonged to the Lactobacillus
genus, whereas other LAB, such as Leuconostoc or enteroccoci, able to
grow on MRS-based media and strongly represented in tested milks,
accounted for less than 4% of active colonies. This suggests that strains
of the Lactobacillus genus, despite their relatively low proportion in
the rawmilks tested, weremore capable to inhibit fungi than Enterocco-
cus and Leuconostoc spp. Such ﬁnding conﬁrms literature data showing
that most ALAB strains belong to the Lactobacillus genus (Schnurer and
Magnusson, 2005; Valerio et al., 2009; Voulgari et al., 2010).
Among the antifungal Lactobacillus, targeted fungal species dif-
fered according to the Lactobacillus group tested, whose presence
largely depended on the period of sampling and milk origin. Lactoba-
cilli were ranked into eight phylogenetic groups with 98% of them be-
longing to four phylogenetic Lactobacillus groups, namely casei,
reuteri, plantarum and buchneri. Their occurrence was linked to their
relative abundance in milk samples with Lb. casei overrepresented
in the 100-fold dilutions in tested selective media, and frequently de-
scribed asmajor Lactobacillus group in rawmilk, aswell as Lb. plantarum
group (Franciosi et al., 2009; Medina et al., 2001). When these groups
were assigned to different targeted fungi, certain speciﬁcity was ob-
served. Lb. casei and Lb. reuteri groups were over-represented in ALAB
population targeting M. plumbeus, while the Lb. plantarum group in
ALAB population targeted K. lactis, and the Lb. buchneri group in ALAB
population were active against P. anomala. The antifungal mechanisms
of action of these Lactobacillus spp. are presently not elucidated, but
their apparent specialization may be linked to the organic acids and/
or ethanol produced and the sensitivity of targeted fungi to these
molecules. The fact that very few homofermentative antifungal lac-
tobacilli were isolated from milk, suggests that acetic acid produc-
tion certainly played a role in antifungal activity of the recovered
strains. However, it was not the only produced antifungal molecule.
Analyses of organic acid production of several isolates showed that
certain strains produced other antifungal molecules such as phenyl-
lactic, 2-pyrrolidone-5-carboxylic acids or caproïc acid. It is then not
excluded that a mixture of molecules such as hydrogen peroxide, car-
bon dioxide, fatty acids or low-molecular-weight compounds (2-pyrro-
lidone-5-carboxylic, phenyllactic and 4-hydroxyphenyllactic acids and
cyclic dipeptides) were implicated, as for example in the few ALAB tar-
geting P. anomala that is highly resistant to both lactic and acetic acids.
The diversity as well as the number of active isolates between animals
and sampling periods is difﬁcult to explain, but this is probably linked
Table 4
Numbers of antifungal Lactobacillus spp. isolates according to animals and sampling
periods.
Animals Sampling
periods
Lactobacillus phylogenetic groups
casei reuteri plantarum buchneri
Ewe First 2 (+1) 0 (0) 0 (0) 0 (0)
Second 2 (−1) 0 (−1) 1 (0) 3 (+3)
Third 10 (0) 0 (−3) 8 (+5) 0 (−1)
Cow First 24 (+5) 0 (−6) 6 (0) 3 (+1)
Second 33 (−30) 10 (−11) 54 (+35) 15 (+7)
Third 121 (+24) 32 (−1) 6 (−23) 13 (0)
Goat First 21 (−6) 6 (−3) 19 (+11) 2 (−2)
Second 65 (+1) 21 (−1) 19 (0) 9 (0)
Third 102 (+7) 59 (+27) 2 (−27) 6 (−7)
Data in brackets represent the differences between obtained values and that predicted
with the Chi test of independence. Data in bold are signiﬁcantly overrepresented in
comparison to predicted values (Pb0.05).
Table 5
Pi values for each Lactobacillus group according to animals and sampling periods. Shannon index (H) and Equitability (E) for each animal relative to a sampling period.
Animals Sampling
periods
Lactobacillus phylogenetic groups H E
casei reuteri plantarum buchneri delbrueckii perolens salivarius coryniformis
Ewe First 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Second 0.33 0.00 0.17 0.50 0.00 0.00 0.00 0.00 1.46 0.49
Third 0.56 0.00 0.44 0.00 0.00 0.00 0.00 0.00 0.99 0.33
Cow First 0.73 0.00 0.18 0.09 0.00 0.00 0.00 0.00 1.10 0.54
Second 0.29 0.09 0.47 0.13 0.00 0.02 0.00 0.00 1.82 0.61
Third 0.68 0.18 0.03 0.07 0.01 0.01 0.01 0.01 1.49 0.45
Goat First 0.44 0.13 0.40 0.04 0.00 0.00 0.00 0.00 1.62 0.37
Second 0.55 0.18 0.16 0.08 0.02 0.02 0.00 0.00 1.82 0.61
Third 0.59 0.34 0.01 0.03 0.02 0.00 0.00 0.00 1.35 0.50
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to environmental and feeding conditions. The use or not of silage, which
was absent from the ewe's feed and not given in spring (second period
of sampling) seems to be a possible source of ALAB (Kalač, 2011).
It appears from this study that raw milk from cow and goat, con-
trary to ewe's milk can be considered as reservoir of ALAB. Majority
of antifungal isolates belonged to the Lactobacillus genus. This genus
is certainly one of the most active against fungi among LAB found in
raw milk. Further studies are actually performed in our laboratory to
test the potential antifungal effect of different Lactobacillus spp. in fer-
mented dairy products and to elucidate their mechanism of action.
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Knowledge of fungal diversity in the environment is poor comparedwith bacterial biodiversity. In this study, we
applied the denaturing high-performance liquid chromatography (D-HPLC) technique, combined with the
ampliﬁcation of the ITS1 region from fungal rDNA, for the rapid identiﬁcation of major fungal species in 9 raw
milk samples from cow, ewe and goat, collected at different periods of the year. A total of 27 fungal species
were identiﬁed. Yeast species belonged to Candida, Cryptococcus, Debaryomyces, Geotrichum, Kluyveromyces,
Malassezia, Pichia,Rhodotorula and Trichosporon genera; andmold species belonged toAspergillus, Chrysosporium,
Cladosporium, Engyodontium, Fusarium, Penicillium and Torrubiella genera. Cowmilk samples harbored the high-
est fungal diversity with a maximum of 15 species in a single sample, whereas a maximum of 4 and 6 different
species were recovered in goat and ewe milk respectively. Commonly encountered genera in cow and goat milk
wereGeotrichum candidum,Kluyveromycesmarxianus and Candida spp. (C. catenulata and C. inconspicua);where-
as Candida parapsilosis was frequently found in ewe milk samples. Most of detected species were previously
described in literature data. A few species were uncultured fungi and others (Torrubiella and Malassezia) were
described for the ﬁrst time in milk.
© 2011 Elsevier B.V. All rights reserved.
1. Introduction
Rawmilk provides all necessary nutrients and conditions for growth
of many fungal species, their occurrence is inﬂuenced by animal physi-
ological state, weather and breeding conditions (Callon et al., 2007).
Fungal diversity is commonly assessed using cultural methods and
phenotypic-based identiﬁcation that entail enumeration, isolation and
identiﬁcation, which are heavily time-consuming and may result in
misidentiﬁcation. Molecular methods such as denaturing gradient gel
electrophoresis (DGGE) or single-strand conformation polymorphism
(SSCP) are also used for fungal diversity assessment (Callon et al.,
2006; Cocolin et al., 2002). Although each of these methods possesses
positive aspects, they are not suitable for a high throughput identiﬁca-
tion of fungal communities. The ion-pair reverse-phase denaturing
high-performance liquid chromatography (D-HPLC) is a new communi-
ty ﬁngerprinting technique, which has been successfully used to
investigate microbial diversity in various ecosystems such as the gut
(Goldenberg et al., 2007), soil (Wagner et al., 2009), or dairy products
(Ercolini et al., 2008); and more speciﬁcally to fungal communities
present in air (Nieguitsila et al., 2010), wood decay (Maurice et al.,
2011) and cheeses (Mounier et al., 2010).
In this study, we assessed the diversity of dominant fungi in raw
milk samples from three different dairy species (cow, ewe and goat)
collected at different periods of the year with D-HPLC, after PCR-
ampliﬁcation of the internal transcribed spacer 1 (ITS1) region.
2. Materials and methods
2.1. Raw milk samples
Nine raw milk samples were collected over the year 2009 from
refrigerated collection tanks in three French restricted areas from
Aveyron, Deux Sèvres and Ille-et-Vilaine. A total of 3 samples were
collected from each zone in January (E1), April (E2) and July (E3) for
ewes; February (G1), June (G2) and November (G3) for goats; and
February (C1), June (C2) and September (C3) for cows. Milk samples
were placed in sterile bottles, kept at 4 °C and immediately sent to the
laboratory. Ten milliliters of each milk sample was serially diluted in
peptone water (0.1%, pH 7), plated in quadruplicate on yeast extract
glucose chloramphenicol (YEGC) agar and incubated at 25 °C for 72 h
for fungal enumeration. Two milliliters was centrifuged for 10 min at
10,000×g, the lipid phase and the supernatant were discarded, and
the pellet was frozen in liquid nitrogen and conserved at−20 °C until
DNA extraction.
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2.2. Total DNA extraction from milk samples
Total DNA was extracted from milk pellets stored at −20 °C,
according to the method described by Cocolin et al. (2002) with
some modiﬁcations applied before the phenol–chloroform extraction.
Pellets were re-suspended in 470 μL of 1× TE buffer (10 mM Tris,
1 mM EDTA, pH 8.0) and incubated for 1 h at 37 °C after the addition
of lysozyme (16 mg/mL), mutanolysin (200 U/mL) and lyticase
(200 U/mL) (Sigma-Aldrich, Saint-Quentin Fallavier, France). Then,
315 μL of 1× TE buffer supplemented with proteinase K (40 U/mL)
and SDS (1%) was added and incubated again for 1 h at 55 °C. Cells
were disrupted thrice by bead-beating using the FastPrep machine
(Qbiogene, Carlsbad, CA, USA). DNA quantity and purity were evalu-
ated using a Nanodrop spectrophotometer (Nanodrop Technology®,
Labtech, Palaiseau, France).
2.3. PCR-ampliﬁcation of the ITS1 region of total DNA extract from milk
A semi-nested PCR approach was used to amplify the ITS1 region
of fungal DNA present in milk samples. The ﬁrst PCR involved the
use of two universal fungal primers, the ITS1-F (5′-CTTGGTCATTTA-
GAGGAAGTAA-3′) (Gardes and Bruns, 1993), and the LR5 (5′-ATCCT-
GAGGGAAACTTC-3′) (Vilgalys and Hester, 1990), which generated a
fragment of approximately 1.5 kb. The 50 μL PCR mix consisted of
1× GoTaq buffer, 0.2 mMol dNTP, 0.2 μMol of each primer, 2 mMol
of MgCl2, 1.25 U of GoTaq polymerase (Promega, Charbonnières,
France) and 1 μL of template DNA. The PCR assay started by initial
denaturation at 95 °C for 5 min, followed by 30 cycles at 95 °C for
1 min, 55 °C for 1 min, and 72 °C for 2 min, and a ﬁnal extension
step at 72 °C for 10 min. This ﬁrst step resulted in the ampliﬁcation
of part of the 18S rRNA gene, the ITS1, the 5.8S rRNA gene, the ITS2,
and part of the 26S rRNA gene.
The second PCR involved the use of primers ITS1-F and 5.8S (5′-CG
CTGCGTTCTTCATCG-3′) (Vilgalys and Hester, 1990), and resulted in
amplicon sizes ranging from 190 to 390 bp. The 50 μL PCR mix was
similar to that described above, except that template DNA was 1 μL of
1:10 diluted PCR product. Cycling conditions were an initial denatur-
ation at 95 °C for 2 min, followed by 30 cycles at 94 °C for 30 s, 55 °C
for 30 s, and 72 °C for 40 s, and a ﬁnal extension at 72 °C for 5 min.
This second PCR resulted in the ampliﬁcation of part of the 18S rRNA
gene, the ITS1 and part of the 5.8S rRNA gene. PCR products were
veriﬁed on a 1% (w/v) agarose gel in 1× TBE buffer (40 mMol Tris–
acetate, 1 mM EDTA, pH 8∙0).
2.4. D-HPLC analysis and sequencing of ITS1 amplicons
PCR products were separated by D-HPLC on the WAVE microbial
analysis system (Transgenomic, Omaha, NE) and detected using a
ﬂuorescence detector after staining with the WAVE optimized HS
staining solution (Transgenomic). Separation conditions are shown
in Table 1. Separation temperature was set at 50 °C and 5 μL of PCR
products was injected for each run. Peak fractions were obtained by
manually collecting drops representing the top of the peak during
D-HPLC analyses. One microliter of each fraction was then used
directly as template for re-ampliﬁcation using the same primer pairs
and conditions as described above, except that cycle number was
set at 20 instead of 30. The resulting PCR product was veriﬁed on a
1% (w/v) agarose gel in 1× TBE buffer. When several bands of differ-
ent sizes were obtained, the PCR product was loaded again on D-HPLC
in non-denaturing conditions (Table 1). If more than a single peak
was obtained, fraction collection and ampliﬁcation were performed
again. Amplicons were sequenced at the Biogenouest sequencing
platform in the “Station Biologique de Roscoff” (http://www.
sb-roscoff.fr/SG/) using primer ITS1-F. Sequences were compared to
the GenBank database using the Basic Local Alignment Search Tool
(BLAST) (http://www.ncbi.nlm.nih.gov/BLAST, December 2010) to
determine the closest known relatives and alignments were
performed using sequences from the NCBI database and the MEGA4
software (Tamura et al., 2007).
2.5. Statistical analyses
Statistical analyses were performed using STATGRAPHICS plus 5.1
packages (Statistical Graphics Corp., VA, USA). Fungal concentration
means were compared by one-way ANOVA using the Tukey's honestly
signiﬁcant difference (HSD) test. Statistical signiﬁcance was set at
Pb0.05 level. Microbial counts on enumeration agar were expressed
as means (log10 CFU/mL) of four replicates.
3. Results
3.1. Fungal enumeration
Mean fungal concentrations from the three milk samples were
slightly higher (not signiﬁcant) for goat and ewe's milk with respec-
tively 4.4±0.5 and 4.4±0.3 log10 CFU/mL, than for cowmilk samples
(3.3±0.2 log10 CFU/mL).
3.2. Assessment of fungal diversity using PCR-D-HPLC
To differentiate fungal populations within total DNA extracted
from cow, ewe and goat raw milk, PCR-products from the ITS1 region
of fungal rDNA were analyzed using optimized D-HPLC conditions
(Table 1). Elution proﬁles for ewe, goat and cow milk are shown
respectively in Figs. 1–3. For the speciﬁc assignment of peaks,
fractions from each peak were retrieved and sequenced. This strategy
allowed us to identify a total of 27 different fungal species among the
9 samples tested (Table 2). Three sequences recovered from ewe and
cow's milk (E2, E3 and C2) were assigned to uncultured fungi, one
matched as Malassezia restricta with only 84% of similarity (E2),
Table 1
Optimized D-HPLC conditions for the identiﬁcation of fungal species in raw milk using ITS1 as a target for PCR-ampliﬁcation.
Gradient D-HPLC conditions for collecting/sequencing of
peak fractionsa
D-HPLC conditions for purifying re-ampliﬁed
peak fractionsb
Time (min) Buffer A (%) Buffer B (%) Buffer C (%) Time (min) Buffer A (%) Buffer B (%)
Loading 0 52 48 0 65 35
Start gradient 1 47 53 1 60 40
Stop gradient 20 37 63 9 20 80
Start clean 20.1 0 0 100 9.1 65 35
Stop clean 20.6 0 0 100 9.2 65 35
Start equilibrate 20.7 52 48 9.3 65 35
Stop equilibrate 21.7 52 48 9.4 65 35
Buffer A: 0.1 mol/L triethylammonium acetate; B: 0.1 mol/L triethylammonium acetate in 25% acetonitrile; C: 75% acetonitrile.
a The program was run at 50 °C at a ﬂow rate of 0.5 mL/min.
b The program was run at 50 °C at a ﬂow rate of 1.5 mL/min.
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whereas three peaks from goat milk (G1 and G2) and one from cow
milk (C2) were not assigned because exploitable sequences could
not be obtained after collecting/sequencing.
Among the 27 identiﬁed fungal species, the 18 yeast species
belonged to 9 genera, Candida, Cryptococcus,Debaryomyces,Geotrichum,
Kluyveromyces, Malassezia, Pichia, Rhodotorula and Trichosporon and
the 9 mold species belonged to 7 genera, Aspergillus, Chrysosporium,
Cladosporium, Engyodontium, Fusarium, Penicillium and Torrubiella.
The highest fungal diversity was found in cow milk with a total
recovery of 23 different species (5 molds and 18 yeasts) whereas
only 6 (1 mold and 5 yeasts) and 7 (1 mold and 6 yeasts) species
were recovered in goat and ewe milk respectively.
The ﬁrst cowmilk sample (C1) showed the highest diversitywith 15
different species, followed by the two other cow milk samples (C2 and
C3) both showing 8 fungal species. Most species were recovered only
once, whereas Geotrichum candidum was recovered from the
three cow milk samples and 5 other species (Candida catenulata,
Kluyveromyces lactis, Kluyveromyces marxianus, Trichosporon lactis and
Malassezia globosa) were recovered from two milk samples. Species
assigned to peaks with the highest relative areas were G. candidum, C.
catenulata, K. marxianus, K. lactis, Pichia fermentans and Candida sake.
Goat milk samples harbored a stable fungal diversity among the
three sampling periods with respectively 3, 4 and 4 fungal species
recovered from G1, G2 and G3. A total of 6 different species were
recovered (5 yeasts and 1 mold) with G. candidum and K. marxianus
being recovered in each goat milk sample, and C. globosa in two milk
samples (G1 and G2). Interestingly, they also had the highest relative
area peaks. Fungal species assigned to goat milk were all retrieved
from either cow or ewe milk samples.
Ewe milk samples showed a slightly different fungal diversity with
respectively 1, 3 and 6 species recovered from E1, E2 and E3 samples.
A total of 7 different species were recovered (6 yeasts and 1 mold)
with Candida parapsilosis being the only species recovered from the
three samples and showing the highest relative peak area, followed by
Rhodotorula mucilaginosa, Engyodontium album and G. candidum.
Chrysosporium carmichaeli and R. mucilaginosa were only detected in
ewe milk samples. The others were also detected in cow or goat milk
samples.
While certain species occurred sporadically in cow or goat milk, the
most common species among the 9 milk samples were G. candidum,
K. marxianus and Candida spp. such as C. parapsilosis.
4. Discussion
Compared to bacterial diversity, few authors have studied the
composition of fungal communities in raw milk, even though the
knowledge of fungal contaminants in raw milk may be of interest for
the maintenance of high hygienic practices as well as the monitoring
of fungi with technological interest for cheese-making. New molecular
techniques such as D-HPLC are emerging for the rapid assessment of
microbial communities in various ecosystems. Mounier et al. (2010)
previously showed that D-HPLC was a convenient method for the iden-
tiﬁcation of yeasts in smear cheese surfaces. In this study, we applied
D-HPLC for the rapid detection and identiﬁcation of fungi in raw milk
from cow, ewe and goat. In order to discriminate a maximum of fungal
species with D-HPLC, a semi-nested PCR approach was chosen for the
ampliﬁcation of the ITS1 region of fungal DNA. The ITS region has
been promoted as a fungal barcode because of its high copy number,
phylogenetic utility, and availability of universal primers (White et al.,
1990). This region, including the ITS1 region has been previously select-
ed for molecular ﬁngerprinting of fungal communities using D-HPLC in
wood decay (Maurice et al., 2011). It should however be noted that the
ITS1 region is not highly resolving within certain fungal groups such as
the Penicillium genus (Seifert et al., 2007),moreover the primers used in
Fig. 1. D-HPLC analysis of the fungal diversity in raw ewe's milk sampled in January (E1),
April (E2) and July (E3) (a, Geotrichum candidum; b, Candida parapsilosis; c, Rhodotorula
mucilaginosa; d, Engyodontium album; e, Debaryomyces hansenii; f, Malassezia restricta;
g, UnculturedMalassezia sp.; h, Uncultured fungus clone).
Fig. 2. D-HPLC analysis of the fungal diversity in raw goat's milk sampled in February
(G1), June (G2) and November (G3) (a, Geotrichum candidum; b, Candida inconspicua;
c, C. parapsilosis; d, Engyodontium album; e, Candida globosa/pseudoglobosa; f, Kluyveromyces
marxianus; * non-assigned peak).
Fig. 3. D-HPLC analysis of the fungal diversity in raw cow's milk sampled in February (C1),
June (C2) and September (C3) (a, Geotrichum candidum; b, Candida catenulata; c, Pichia
fermentans; d, Candida sake; e, Candida inconspicua; f, Trichosporon cutaneum; g, Trichosporon
lactis/caseorum; h, Cryptococcus curvatus; i, Cryptococcus victoriae; j, Cryptococcus carnescens;
k, Cladosporium sp.; l, Fusarium merismoides; m, Penicillium glabrum; n, Uncultured fungus
clone; o, Penicillium roqueforti; p, Engyodontium album; q, Aspergillus fumigatus; r, Torrubiella
sp.; s, Candida sp.; t, Debaryomyces hansenii; u, Malassezia restricta; v, Kluyveromyces
marxianus; w, Kluyveromyces lactis; x,Malassezia globosa; * non-assigned peak).
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the present study may not allow the ampliﬁcation of the ITS1 region of
all fungal species such asMucor spp. for which the 5.8S primer does not
perfectlymatch to the 5.8S rDNA (data not shown). However, it allowed
us to recover 27 different fungal species with the same D-HPLC
condition.
Among these 27 fungal species, three sequences belonged to uncul-
tured fungal species and up to 15 species were discriminated in one
sample (C1). The cowmilk sample recovered in February (C1) harbored
the highest fungal diversity, whereas the fungal concentration was
slightly lower than in ewe and goat milk. Differences in fungal diversity
among the different animal species and sampling periods can be
explained by animal's environment and physiological state (Callon
et al., 2007). Among the 9 milk samples tested, the number of yeasts
recovered per sample systematically exceeded the number of molds.
Fungal species richness varied from 1 to 15 per sample, the most
commonly encountered genera in cow and goatmilk were G. candidum,
K. marxianus and Candida spp. (C. catenulata and C. inconspicua), where-
as C. parapsilosis dominated in ewe milk. These observations are in
accordance with previous studies on the fungal diversity of raw milk
from cow, goat or ewe either using cultural (Corbo et al., 2001) or
molecular (DGGE, SSCP) methods (Callon et al., 2006; Cocolin et al.,
2002). However, a few species belonging to Torrubiella, Malassezia or
Engyodontium genera were much more unusual. Torrubiella sp. is a
pathogen of insects and arthropods (Johnson et al., 2009), M. restricta
Table 2
Fungal diversity in raw milk from ewe, goat and cow during one year-period determined after collecting/sequencing of D-HPLC peak fractions.
D-HPLC peaka Accession number Closest phylogenetic afﬁliation in the GenBank/EMBL/DDBJ/PDB databases (accession number) % similarity Size estimation (bp)
Ewe's milk
E1-b HQ646025 Candida parapsilosis (FJ872015) 100 268
E2-b HQ646022 Candida parapsilosis (FJ872015) 100 268
E2-f HQ646023 Malassezia restricta (GU291270) 100 350
E2-g HQ646024 Malassezia restricta (GU291270) 84 345
E3-a HQ646016 Geotrichum candidum (GQ458022) 99 186
E3-b HQ646017 Candida parapsilosis (FN652300) 100 268
E3-c HQ646020 Rhodotorula mucilaginosa (EU149812) 100 271
E3-d HQ646018 Engyodontium album (HQ115665) 100 300
E3-e HQ646021 Debaryomyces hansenii (GU246256) 100 317
E3-h HQ646019 Chrysosporium carmichaeli (AJ007842) 84 354
Goat's milk
G1-a HQ646034 Geotrichum candidum (GQ458022) 100 186
G1-e HQ646035 Candida globosa (FM178351)/Candida pseudoglobosa (DQ41711) 99 313
G1-f HQ646036 Kluyveromyces marxianus (GU256755) 99 350
G2-a HQ646030 Geotrichum candidum (GQ458022) 98 186
G2-c HQ646031 Candida parapsilosis (FJ872014) 100 268
G2-e HQ646032 Candida globosa (FM178351)/Candida pseudoglobosa (DQ41711) 97 313
G2-f HQ646033 Kluyveromyces marxianus (GU256755) 100 350
G3-a HQ646026 Geotrichum candidum (GQ458022) 100 186
G3-b HQ646027 Candida inconspicua (AM745303) 99 207
G3-d HQ646028 Engyodontium album (HQ115665) 100 300
G3-f HQ646029 Kluyveromyces marxianus (GU256755) 100 350
Cow's milk
C1-a HQ645985 Geotrichum candidum (GQ458022) 100 186
C1-c HQ645986 Pichia fermentans (GQ458040) 100 205
C1-d HQ645987 Candida sake (AJ549822) 100 209
C1-f HQ645988 Trichosporon cutaneum (FJ943422) 97 235
C1-g HQ645989 Trichosporon lactis (AJ319759)/Trichosporon caseorum (AJ319758) 98 241
C1-i HQ645990 Cryptococcus victoriae (AF444645) 100 252
C1-j HQ645991 Cryptococcus carnescens (GU237051) 98 254
C1-k HQ645992 Cladosporium sp. (FR667968) 99 273
C1-m HQ645993 Penicillium glabrum (GU981567) 99 291
C1-q HQ645994 Aspergillus fumigatus (GU594756) 99 317
C1-s HQ645995 Candida globosa (FM178351)/Candida pseudoglobosa (DQ41711) 96 313
C1-t HQ645996 Debaryomyces hansenii (GU246256) 100 317
C1-u HQ645997 Malassezia restricta (GU291270) 99 345
C1-v HQ645998 Kluyveromyces marxianus (GU256755) 100 350
C1-x HQ645999 Malassezia globosa (AY387134) 98 387
C2-a HQ646000 Geotrichum candidum (GQ458022) 100 186
C2-b HQ646001 Candida catenulata (GU246267) 100 191
C2-l HQ646002 Fusarium merismoides var. merismoides (EU860057) 100 280
C2-n HQ646003 Uncultured fungus clone B5F31 (GU073031) 99 284
C2-r HQ646004 Torrubiella sp. (FN597572) 100 300
C2-v HQ646006 Kluyveromyces marxianus (AY139785) 97 350
C2-w HQ646005 Kluyveromyces lactis (GQ376079) 100 346
C2-x HQ646007 Malassezia globosa (AJ437693) 100 387
C3-a HQ646008 Geotrichum candidum (GQ458022) 100 186
C3-b HQ646009 Candida catenulata (GU246267) 98 191
C3-e HQ646010 Candida inconspicua (AM745303) 99 207
C3-g HQ646012 Trichosporon lactis (AJ319759)/Trichosporon caseorum (AJ319758) 99 241
C3-h HQ646011 Cryptococcus curvatus (AB520686) 100 231
C3-o HQ646014 Penicillium roqueforti (GQ458035) 99 292
C3-p HQ646013 Engyodontium album (HQ115665) 100 300
C3-w HQ646015 Kluyveromyces lactis (GQ376079) 100 346
a See legends from Figs. 1–3 for species assignment of D-HPLC peak fractions from ewe, goat and cow's milk, respectively; 1: ﬁrst sampling period, 2: second sampling period,
3: third sampling period; E: ewe's milk, G: goat's milk; C: cow's milk.
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usually colonizes the skin of mammals and birds, and has already been
isolated in cows (Crespo et al., 2002). The detection of E. albumwas due
to contamination from proteinase K used for DNA extractions. Alterna-
tively, some species commonly cited in literature (Saccharomyces
cerevisiae, Candida zeylanoides, Pichia guilliermondii, Yarrowia lipolytica
and Candida intermedia for example) were not detected here.
Several fungal species may not have been detected because of their
low counts in milk samples and/or PCR biases encountered in such
molecular ﬁngerprinting techniques. It is generally accepted that
PCR-DGGE has a detection limit of 104 CFU/mL in food matrices
(Ercolini, 2004). This detection limit depends on DNA yield that may
vary according to species and fungal spores which are difﬁcult to detect
at low population (Doare-Lebrun et al., 2006). In the present study we
were able to detect up to 15 fungal species in samples containing fungal
counts below 104 CFU/mL including ﬁlamentous fungi, which were
likely to occur as spores in milk samples.
The present study showed variations in milk fungal communities
according to dairy species and time of year with predominance of
G. candidum in cowand goatmilk, and C. parapsilosis in ewemilk. Fungal
species of technological importance such as G. candidum, Debaryomyces
hansenii, K. lactis or K. marxianus were present in both cow and goat
milk, whereas Torrubiella and Malassezia genera were detected for the
ﬁrst time in milk.
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D&1! I49/3$81! %($8$&41! 8&%1! L3&! %&1! %($81! H&4#&*8<1! &8! %&1! 5(93481! sont d’une @4(*/&! $#I948(*-&!
<-9*9#$L3&E!'&!*93)&(3M!I49/3$81!1&!/<)&%9II&*8+!I4<1&*8(*8!N!%(!H9$1!/&1!L3(%$8<1!1&*194$&%%&1!
&8! 3*! B<*<H$-&! I934! %(! 1(*8<! JO.34(*(! (*/! O(*(7P$(+! QRRSKE! F&I&*/(*8+! -&1! I49/3$81+! &8!
*98(##&*8!-&3M!/(*1! %&1L3&%1!19*8!(P938<1!/&1! $*@4</$&*81! 8&%1!L3&!/&1!I4<I(4(8$9*1!(3M!H43$81+!
19*8! 13P&81!(3M!-9*8(#$*(8$9*1!I(4!/&1!-.(#I$@*9*1! JT%&&8+!UVVR!W!,9.#! *'$ +),+!UVVQ!W!F931$*+!
QRRQKE!D&! 4$1L3&!/&!-9*8(#$*(8$9*1+!I93)(*8! $*8&4)&*$4!N! 8931! %&1! 18(/&1+!/&! %(!I49/3-8$9*!N! %(!
-9*19##(8$9*+!I&38!&*84(X*&4!/&!%934/&1!I&48&1!<-9*9#$L3&1!&8!%$#$8&4!%(!18(B$%$8<!/&1!I49/3$81!N!
l’exportation! J>(594(%! *'$ +),+! QRRYKE! '&! I%31+! l’utilisation des conservateurs chimiques est 
/<194#($1! 4&184&$*8&!I(4! %(! %<@$1%(8$9*!&349I<&**&!&8! %(!)9%9*8<!/&1!-9*19##(8&341!N!()9$4!/&1!
I49/3$81!dépourvus d’additifsE!'(*1!-&!-9*8&M8&+!%(!B$9Z-9*1&4)(8$9*!&18!&*!I%&$*!/<)&%9II&#&*8+!
&8!l’38$%$1(8$9*!/&!B(-8<4$&1!%(-8$L3&1!1&#B%&!I(48$-3%$[4&#&*8!I&48$*&*8&!/(*1!-&!85I&!/&!I49/3$81E!
L’activité antifongique de plusieurs espèces de bactéries lactiques a été décrite (\-.*]4&4! (*/!
>(@*3119*+!QRRYK+!#($1!#(P94$8($4&#&*8!I(4!/&1!<)(%3(8$9*1!-&$.-'("E!D(!I%3I(48!/&1!<83/&1!(5(*8!
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=')3.&#&)!-&!,()%3))(*+!
D&1! 9*G&! $19%(81! 1<%&-8$9**<1! 9*8! <8<! $/&*8$H$<1+! @4b-&! N! 3*&! (II49-.&! I9%5I.(1$L3&+! -9##&!
(II(48&*(*8!(3M!&1I[-&1!/0,$1+(0-&*&2-2!JU! $19%(8K+!/0,$3*+*!JQ! $19%(81K+!/0,$(1+4&"252! J_!$19%(81K!&8!
/0,$ 6+(+7+2*-! J_! $19%(81KE! '&! Iar leur relation phylogénétique étroite avec l’espèce /0,$ 7+2*-+! %&1!
isolats appartenant à l’espèce /0,$ 3*+*! 9*8! <8<! %&1! I%31! /$HH$-$%&1! N! $/&*8$H$&4E! L’utilisation de 
l’<%&-849I.94[1&! &*! -.(#I1! I3%1<1! &8! %&1! I49H$%1! /&! H&4#&*8(8$9*! /&! _V! @%3-$/&1! 9*8! I&4#$1! /&!
/$1-4$#$*&4!%&1!/$HH<4&*8&1!193-.&1E!!
Toutes les souches testées se sont montrées sensibles à l’érythromycine! &8!N! %(! 8<84(-5-%$*&+!L3$!
19*8!/&1!@[*&1!/&!4<1$18(*-&1!84(*1H<4(B%&1!-9##3*1!-.&G!%&1!%(-89B(-$%%&1!Jc(4(G(@(!*'$+),+!UVVV!W!
d(*! ,&&*&*! (*/! '$-:1+! QRUUKE! A l’exception de! /0,$ (1+4&"252! >EdaEeEQT! &8! /0,$ (1+4&"252!
OEFaEfEU0+! 8931! %&1! $19%(81! <8($&*8! 4<1$18(*81! N! %(! )(*-9#5-$*&+! N! %(! :(*(#5-$*&+! (3! #<%(*@&!
84$#<8.49I$*&g13%H(#<8.9M(G9%&!&8!N!%(!184&I89#5-$*&E!'(*1!%(!%$88<4(834&+!$%!&18!-9*1$/<4<!L3&!-&1!
4<1$18(*-&1! 19*8! $*84$*1[L3&1! -.&G! %&1! %(-89B(-$%%&1! JF2Z\T>+! QRUR!W! `99#&5! *'$ +),+! QRUR!W!d(*!
,&&*&*!(*/!'$-:1+!QRUUKE!
F.(-3*&!/&!-&1!193-.&1!s’est montré&!-(I(B%&!/&!#<8(B9%$1&4!%&!%(-891&!&8!&%%&1!9*8!8938&1!#9*84<!
3*&!-(I(-$8<!N!1&!/<)&%9II&4!/(*1!%&!%($8E!D&1!193-.&1!/0,$1+(0-&*&2-2!OEdVEfEUhI!&8!/0,$6+(+7+2*-!
OEFaEfEUi-U! <8($&*8! %&1! 193-.&1! %&1! #9$*1! (-8$)&1+! $*.$B(*8! 4&1I&-8$)&#&*8! _! &8! f! -$B%&1!
fongiques. Trois souches de l’espèce /0,$(1+4&"252!JOEFaEfEU0+!>EdSEfEU"!&8!6EFaEfEQ2K!9*8!<8<!
%&1!I%31!(-8$)&1+!$*.$B(*8!a!93!S!-$B%&1!H9*@$L3&1E!F&I&*/(*8+!l’activité des souche1!1<%&-8$9**<&1!
<8($8!193-.&Zdépendante, et n’était liée ni à la capacité de croissance des souches dans le lait, ni à 
%&341! I49I4$<8<1! (-$/$H$(*8&1E! "*! &HH&8+! %&1! 193-.&1! /0,$ 6+(+7+2*-! >EdVE_EQA! &8! /0,$ 6+(+7+2*-!
>EdSESEU2+!L3$!9*8!I4<1&*8<!3*&!-49$11(*-&!4(I$/&!&8!3*&!H948&!(-$/$H$-(8$9*!(I4[1!SQ!.&34&1!/&!
fermentation à 30°C dans le lait, n’étaient pas les plus actives. '&!I%31+!%&1!-.(#I$@*9*1!%&1!I%31!
1&*1$B%&1!(3M!(-$/&1!%(-8$L3&!&8!(-<8$L3&+!8&%1!L3&!8*0+(9"497*2$1+&2*&--+!:1"#"'"(5)+$457-)+;-&"2+!
&8!<)59.*("497*2$ )+7'-2+!n’ont pas systématiquement été inhibés 8(*/$1! L3&! %&1! -.(#I$@*9*1! %&1!
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#9$*1!1&*1$B%&1!J=*&-7-))-54$0(*.-7"46+'754+!=,$*>6+&254K!9*8!L3(*8!N!&3M!<8<!$*.$B<1E!F&1!/9**<&1!
suggèrent l’intervention d’autres molécules inhibitrices. !
D&1!-.(%%&*@&!8&181!4<(%$1<1!/(*1!%&!5(9348!9*8!/9**<!/&1!4<13%8(81!B$&*!/$HH<4&*81!/&!-&3M!9B8&*31!
/(*1! %&! %($8E! 6(4#$! %&1! f! 193-.&1! %&1! I%31! (-8$)&1! /(*1! %&! %($8+! 1&3%&! %(! 193-.&! /0,$ (1+4&"252!
OEFaEfEU0! <8($8! 893P9341! (-8$)&! /(*1! %&! 5(9348! avec l’inhibition -9#I%[8&! /&!:,$ 457-)+;-&"2+! &8!
l’inhibition partielle de 8,$1+&2*&--E!!
0%! &18! $*8<4&11(*8!/&!*98&4!L3&!/&3M! 193-.&1!I&3!(-$/$H$(*8&1! J/0,$ 1+(0-&*&2-2!OEdVEfEUhI!&8!/0,$
3*+*$OEdVEfEUh@K!9*8!-.(-3*&!#9*84<!/&! H948&1!(-8$)$8<1!(*8$H9*@$L3&1+!#($1!()&-!3*&! $*8&*1$8<!
d’activité &8!3*!1I&-84&!d’action /$HH<4&*81!&*!(B1&*-&!J%($8K!93!&*!I4<1&*-&!J5(9348K!/&!H&4#&*81E!
2$*1$! %(! 193-.&! /0,$ 3*+*! OEdVEfEUh@! (! )3! 19*! (-8$)$8<! (*8$H9*@$L3&! /$#$*3&4! &*! I4<1&*-&! /&!
H&4#&*81! J$*.$B$8$9*! /&! Yga! .2! Rge! -$B%&1! &*! (B1&*-&! .2! I4<1&*-&! /&! H&4#&*81K, alors qu’(3!
-9*84($4&!&%%&!(!B&(3-93I!(3@#&*8<!I934!%(!193-.&!/0,$1+(0-&*&2-2!OEdVEfEUhI+!L3$!(!$*.$B<!%&1!e!
-.(#I$@*9*1!-$B%<1+!#(%@4<!1(!H($B%&!-(I(-$8<!/&!-49$11(*-&!N!_QjF!&8!1(!-9*-&*84(8$9*!I%31!H($B%&!
L3&! -&%%&! /&1! (384&1! 193-.&1! (I4[1! e! .&34&1! /&! H&4#&*8(8$9*E! F&-$! 13@@[4&! 3*! &HH&8! 15*&4@$L3&!
&*84&!/0,$ 1+(0-&*&2-2$OEdVEfEUhI!&8! %&1! H&4#&*81+! L3$! 9*8!augmenté l’activité antifongique de la 
193-.&! I(4! 4(II948! N! -&%%&! /&1! (384&1! 193-.&1! (*8$H9*@$L3&1E! D&! /91(@&! /&1! (-$/&1! %(-8$L3&!
J-9#I4$1! &*84&! SfS! &8! aaS!#@gURR! @K! &8! (-<8$L3&! J-9#I4$1! &*84&! f+Y! &8! e!#@gURR! @K! (I4[1! 1$M!
heures de fermentation suggère que d’autres métabolites seraient impliqués dans l’in.$B$8$9*E!F&1!
/&4*$&41!<8($&*8!&*!&HH&8!&*!-9*-&*84(8$9*!$*H<4$&34&!N!%(!F>0!/&1!-.(#I$@*9*1!-$B%<1+!&8!-&!/(*1!
8931!%&1!5(93481. On peut ainsi supposer que la synthèse ou l’activité des molécules antifongiques 
9*8! <8<! I98&*8$(%$1<&1! I(4! %(! I4<1&*-&! /&1! H&4#&*81! L3$! 9*8! #(M$#$1<! l’expression de l’activité 
antifongique. A notre connaissance, c’est la première fois qu’un effet synergique entre! /&1!
H&4#&*81!&8!l’espèce!/0,$1+(0-&*&2-2+!1$#$%($4&!N!-&!L3$!&18!/<PN!-$8<!I934!%&1!B(-8<4$&1!%(-8$L3&1!&8!%&1!
B(-8<4$&1! I49I$9*$L3&1! J\39#(%($*&*! (*/! >^54^Z>^:$*&*+! UVVV!W! \-.7&**$*@&4! (*/! >&$%&+!
QRR_!W!"%Z\.(H&$!*'$+),+!QRRaK, est décrit. C’est aussi la première fois que l’activité antifongique de 
/0,$ 1+(0-&*&2-2! &18!#$1&! &*! <)$/&*-&E!Dans un grand nombre d’étude, l’ac8$)$8<! (*8$H9*@$L3&! &18!
%$<&!(3M!@493I&1!/0,$7+2*-!&8!/0,$6)+&'+(54!J\-.*]4&4!(*/!>(@*3119*+!QRRYKE!!
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/0,$ 1+(0-&*&2-2! OEdVEfEUhI+! L3$+! /(*1! %&! #9/[%&! 5(9348+! $*.$B&! 8938&1! %&1! -$B%&1! H9*@$L3&1+!
(II(4($8!-9##&!3*&!193-.&!I(48$-3%$[4&#&*8! $*8<4&11(*8&!I934!k84&!38$%$1<&!-9##&!193-.&!B$9Z
I498&-84$-&E!Des études complémentaires seront menées afin d’élucider les mécanismes d’action 
#$1!&*!P&3E! 
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 Abstract 
Eleven antifungal Lactobacillus strains previously isolated from cow and goat milk were fully 
characterized using molecular and phenotypic methods. Their antifungal activities were tested 
in milk and yogurt, against fungal species (Debaryomyces hansenii, Kluyveromyces lactis, 
Kluyveromyces marxianus, Penicillium brevicompactum, Rhodotorula mucilaginosa and 
Yarrowia lipolytica) commonly involved in the spoilage of dairy products. The antifungal 
strains belonged to Lactobacillus paracasei, Lactobacillus rhamnosus, Lactobacillus zeae and 
Lactobacillus harbinensis species and showed different acidifying and growth capacities in 
milk. All tested Lactobacillus strains showed an antifungal activity in milk with strain-
dependent activity spectra. Lb. harbinensis showed a very strong antifungal effect in yogurt 
by completely inhibiting all tested fungi as compared to control. The other tested strains were 
much less effective. It is the first time that the antifungal activity of Lb. harbinensis is 
described. This strain is a potential candidate for yogurt biopreservation. 
 
Key words : Lactobacillus harbinensis, antifungal, milk, yogurt, biopreservation 
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 1. Introduction 
Dairy products such as yogurts and fermented milks are of high economic importance. A large 
panel of new products are now proposed to the consumers such as ‘juiceceuticals’ like fruit-
yogurt beverages, or added-value products with low calorie, reduced-fat varieties or 
supplemented with physiologically active ingredients including fibers, phytosterols, omega-3-
fatty acids, whey based ingredients, antioxidant vitamins and isoflavones (Khurana & 
Kanawjia, 2007). Despite fermented milks and yogurts are generally considered as 
microbiologically stable, they may be subjected to contaminations with acid tolerant fungi, 
which can occur at all stages of food processing from raw materials to finished products. 
Candida parapsilosis, Candida diffluens, Debaryomyces hansenii, Kluyveromyces marxianus, 
Rhodotorula mucilaginosa, Yarrowia lipolytica, Zygosaccharomyces bailii or Penicillium 
brevicompactum are among the most frequently encountered fungal contaminants in yogurts 
and fermented milks, particularly in those containing fruits or sugar (Mayoral et al. 2005). 
Fungal spoilage is then a major limiting factor for the stability and the commercial value of 
these products. It causes significant economic losses worldwide and restrains exportation’s 
opportunities. Moreover, evolution of European legislation together with consumers’ demand 
has led industrials to reduce the use of chemical preservatives in fermented dairy products. It 
is then necessary to find alternative strategies to prevent fungal spoilage and/or to increase 
their shelf life. In this context, biopreservation, that implies the use of microbial cultures 
selected for their ability to control the growth of spoilage microorganisms, has taken a 
considerable development (Mills,
 
Stanton, Hill & Ross 2011). Lactic acid bacteria (LAB) that 
are closely associated with fermented foods, and of which majority possesses the generally 
recognized as safe (GRAS) status and belongs to the qualified presumption of safety (QPS) 
list in Europe, are particularly well adapted to dairy products preservation (Bernardeau, 
Vernoux, Henri-Dubernet & Guéguen, 2008). LAB are known to possess antimicrobial 
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 activities linked to their strong competition for nutrients, to the decrease of pH due to their 
fermentative metabolism and to the production of inhibitory metabolites. Several species of 
lactobacilli (Lb. casei, Lb. coryniformis, Lb. paracasei, Lb. rhamnosus, Lb. plantarum…), 
pediococci (P. pentosaceus, P. acidilactici) and lactococci (Lc. lactis) have been described as 
antifungal (Schnürer & Magnusson 2005). However, few studies (Salih, Sandine & Ayres, 
1990; Suomalainen & Mäyrä-Makinen, 1999; Tawfik, Sharaf, Effat & Mahanna, 2004; 
Schwenninger & Meile, 2004) have tested in situ the capacity of these bacteria to prevent 
fungal spoilage in yogurts or fermented milks, in spite of the significant commercial interest 
in using them as natural food preservatives. The objectives of this study were to characterize 
and to evaluate the potential of 11 Lactobacillus strains, previously isolated from cow and 
goat raw milk, to prevent the growth of common fungal spoilage encountered in fruit yogurts 
and fermented milks. 
 
2. Materials and Methods 
2.1. Microorganisms and culture conditions 
The 11 antifungal Lactobacillus isolates tested in this study were previously obtained from 
cow and goat milk by Delavenne, Mounier, Déniel, Barbier, & Le Blay (2012). They were 
assigned to the Lactobacillus genus on the basis of their Gram-staining, catalase activity, and 
partial 16S rRNA gene sequencing. Their antifungal activity was previously confirmed by the 
overlay method in MRS agar. The reference strains used for identification purposes were 
Lactobacillus casei LMG 6904, Lactobacillus rhamnosus ATCC 9595, Lactobacillus 
paracasei LMG 13087, Lactobacillus zeae LMG 17315, Lactobacillus harbinensis LMG 
24040 and Lactobacillus perolens LMG 18936. Lactobacilli were conserved in glycerol 30% 
(v/v) at -80°C and reactivated by culturing in 10 ml of MRS overnight at 30°C. 
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 Eight fungi, commonly encountered in yogurt spoilage (Filtenborg, Frisvad & Thrane, 1996; 
Viljoen, 2001; Mayoral et al., 2005), were chosen as indicators for antifungal assays. 
Debaryomyces hansenii LMSA 2.11.003, Pichia anomala LMSA 2.01.001, Rhodotorula 
mucilaginosa LMSA 2.02.007, Yarrowia lipolytica LMSA 2.11.004, Penicillium 
brevicompactum LMSA 1.08.095 and Penicillium expansum LMSA 1.08.102  came from the 
"Souchothèque de Bretagne" culture collection (Université de Brest, Plouzané, France), 
whereas Kluyveromyces lactis CLIB 196 and Kluyveromyces marxianus CLIB 282, came 
from the “Collection de Levures d'Intérêt Biotechnologique (CLIB)" (INRA, Thiverval-
Grignon, France). Fungi were stored in yeast extract and malt based medium (YEMA) 
supplemented with glycerol (30%, v/v) at -80°C, and cultivated aerobically on YEMA at 
25°C. 
 
2.2 Identification of Lactobacillus spp. isolates 
2.2.1 MALDI-TOF mass spectrometry analysis 
Bacterial isolates were grown on MRS agar for 48 h at 30°C and a few colonies were 
harvested and suspended in 300 µl of sterile distilled water and 900 µl of ethanol (95%). After 
centrifugation at 13000 g for 2 min and elimination of the supernatant, the pellet was diluted 
in 50 µl of formic acid with 50 µl of acetonitrile (70%) and centrifuged again under the same 
conditions. The supernatant (1.2 µl) containing the protein extract was spotted in the MALDI 
sample plate, which was then introduced into the apparatus Microflex LT MALDI-TOF 
(Bruker Daltonics, Germany). The analysis was performed following the supplier instructions. 
The produced spectra were collected by the software FlexControl 3.0 and were interpreted by 
software MALDI Biotyper 2.0 thanks to the database Bruker Taxonomy (Bruker Daltonics, 
Germany) containing 14 groups and 218 representatives of the Lactobacillus genus. 
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 2.2.2 DNA extraction and sequencing of the 16s rRNA, pheS and rpoA genes 
Total DNA of each selected isolate was extracted by using the FastDNA® SPIN Kit 
according to the manufacturer’s instructions (MP Biomedicals, Santa Ana, CA). DNA 
quantity and purity was evaluated using a Nanodrop spectrophotometer (Nanodrop 
Technology®, Labtech, Palaiseau, France) and used as template for the 16s rRNA, pheS and 
rpoA genes amplification, as described by Zamfir et al (2006), Berger et al. (2007) and Naser 
et al. (2005), respectively. Amplicons were sequenced at the Biogenouest sequencing 
platform in the “Station Biologique de Roscoff” (http://www.sb-roscoff.fr/SG/). Sequences 
were compared to DNA sequences on the Ribosomal Database Project (RDP) 
(http://rdp.cme.msu.edu/) and on the GenBank database using the Basic Local Alignment 
Search Tool (BLAST) (http://www.ncbi.nlm.nih.gov/BLAST/) (November 2011) for species 
assignment. Phylogenetic analyses were conducted by the neighbor-joining method using 
MEGA 5.05 software (Tamura et al., 2011). 
 
2.2.3 Typing of isolates using pulsed-field gel electrophoresis  
Isolates of the same species were typed to check for the occurrence of clonal strains. DNA 
preparation and electrophoresis conditions were performed following the method of Brennan 
et al. (2002) with some modifications. Plugs were made in the wash solution containing 1 mg 
lysozyme/ml (Sigma-Aldrich, Saint-Quentin Fallavier, France) and 40 U mutanolysin/ml 
(Sigma), and 100 U mutanolysin/ml was added to the lysis solution. Slices were washed in 
100 µl of restriction buffer (1×) containing bovine serum albumin, for 30 min at 4°C. They 
were finally incubated overnight in 100 µl of restriction buffer and 20 U of restriction 
enzyme/ml at 25°C with SmaI or at 37°C for SfiI. Electrophoretic conditions for separating 
the DNA fragments were a pulse time of 0.5 to 20 s for 12 h and another of 30 to 60 s for 8 h 
for DNA digested using SfiI (Rodas, Ferrer & Pardo, 2005), and a pulse time of 0.5 to 5 s for 
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 14 h and another from 0.5 to 10 s for 4 h for DNA digested using SmaI. Lambda ladder (Bio-
Rad, Marnes-la-Coquette, France) was used as molecular size standard. The digitized patterns 
were normalized and analyzed numerically using Bionumerics software, version 2.0 (Applied 
Maths). Similarities among band patterns were calculated based on Pearson’s similarity 
coefficient, and dendrograms were constructed by the unweighted-pair group method using 
average linkages (UPGMA).  
 
2.3 Physiological characterization of antifungal bacteria 
2.3.1 Antibiotic resistance tests 
Antibiotic resistance patterns of Lactobacillus isolates were analysed by a disk diffusion 
method. Colonies from a 48 h culture on MRS agar were suspended in 0.1% peptone water to 
a 0.5 McFarland density. This suspension was homogeneously spread on MRS agar with a 
sterile swab. Discs of antibiotics containing 10 mg ampicillin (AMP), 30 mg chloramphenicol 
(CHL), 30 IU tetracycline (TET), 10 IU streptomycin (STR), 15 IU erythromycin (E), 30 IU 
kanamycin (K), 30 mg vancomycin (VA), and  1.25/23.75 mg trimethoprim/sulfamethoxazole 
(SXT) (BioMerieux, Marcy l’Etoile, France) were deposited at the center of the plate after 
drying. Agar plates were then incubated for 48 h at 30°C and the diameters of inhibition zones 
were measured. Results were interpreted according to the cut-off levels proposed for 
Enterococcus spp. by the Committee of the antibiogram of the French society for 
microbiology (SFM) with strains considered resistant if inhibition zone diameters were 
smaller than 19 mm for chloramphenicol, 17 mm for erythromycin, vancomycin and 
tetracycline, 16 mm for ampicillin, and 12 mm for streptomycin, and 10 mm for 
trimethoprim/sulfamethoxazole and kanamycin.   
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 2.3.2 Carbohydrate fermentations 
Carbohydrate fermentation patterns were obtained by using API 50 CH galleries and 50 CHL 
medium following the manufacturer’s instructions (BioMérieux, Lyon, France). Results 
interpretation was done on the Apiweb site 
(https://apiweb.biomerieux.com/servlet/Identify?action=prepareHome/).  
 
2.3.3 Growth rate in MRS  
Growth at 12°C, 30°C and 42°C were monitored in filter-sterilized (0.22 µm) MRS broth by 
measuring the OD600 nm  every 5 min for 48 h in a Bioscreen plate (Thermo Fisher Scientific 
Inc., Wilmington, DE, USA) placed in an automated turbidometer Bioscreen® apparatus (Ab 
Ltd, Helsinki, FI). Initial concentrations of tested isolates were set at 10
6 
cfu/ml and growth 
curves were recorded with the NordenLab software (Ab Ltd). All experiments were carried 
out in triplicate. 
 
2.3.4 Growth in milk and acidification properties 
Lactobacillus isolates were grown in MRS broth for 17 h, centrifuged at 10000 g for 10 min 
and bacterial pellets were washed twice in peptone water (0.1%), before being resuspended in 
10 ml of half-fat ultra-high-temperature (UHT) milk at a concentration of 5.10
6
 cfu/ml. Test 
tubes were incubated at 30°C, and plate counts (MRS agar) and pH were monitored after 0, 
24, 48 and 72 h of incubation. All experiments were carried out in triplicate. 
 
2.4 Antifungal properties 
2.4.1 Antifungal activities in milk 
The antifungal activity of Lactobacillus isolates was performed in half-fat UHT milk 
supplemented with agar (10 g/l) and litmus dye (6 ‰) (Réactif RAL, Martillac, France) in 
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 order to evaluate acid production during bacterial growth. A 24-well plate (Becton Dickinson 
Labware Europe, Le pont de Claix, France) was used for each bacterial isolate. UHT milk 
agar (1.5 ml) was poured in each well. Twelve wells were not inoculated with the antifungal 
bacterial isolate and served as positive controls for fungal growth (8 fungal species tested per 
plate), whereas the 12 other wells were inoculated with 5.10
6 
cfu/ml of the tested antifungal 
isolate. Plates were then incubated at 30°C for 72 h for bacterial growth. After incubation, 
each targeted fungi was harvested in sterile water and enumerated with a Malassez cell. Then, 
10
4
 spores or cells/ml were inoculated in potato dextrose (PDA) soft agar (10 g/l), (Difco, Le 
Pont de Claix, France) and 200 µl was poured on the top of each well. Fungal growth was 
then observed after three days of incubation at 25°C. Experiments were performed in 
triplicate.  
 
2.4.2 Fungal tolerance to organic acids 
Several concentrations of lactic and acetic acids (0.001-2 M) (Sigma-Aldrich) were separately 
added to MRS soft agar (7 g/l), and the pH values were adjusted to 3, 5 and 7 with either HCl 
(1, 3 or 10 M) or NaOH (1, 3 or 10 M). Ten microlitres of a 5.10
3 
spores or cells/ml 
suspension were inoculated as a spot in the center of the plates followed by incubation for 6 
days at 25°C under aerobic conditions. pH and organic acids susceptibility was monitored by 
measuring the diameter of fungal thalles or colonies after incubation. Experiments were 
performed in triplicate.  
 
2.5 Challenge tests in yogurts 
2.5.1 Preparation and contamination of yogurts    
A first series of challenge tests was performed in yogurt in order to evaluate the antifungal 
activity of the 11 Lactobacillus isolates against six targeted fungi (D. hansenii, 
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 R. mucilaginosa, Y. lipolytica, P. brevicompactum, K. lactis and K. marxianus). Challenge 
tests were then repeated for the three most active antifungal isolates (Lb. harbinensis 
K.V9.3.1Np, Lb. rhamnosus K.C8.3.1I and Lb. paracasei K.C8.3.1Hc1) in comparison to the 
less active isolate (Lb. zeae K.V9.3.1Ng). Three batches of 500 ml of half-fat pasteurized milk 
(‘Lait frais demi-écrémé pasteurisé GrandLait’, Candia, France) were mixed with milk 
powder (4%) (‘Lait en poudre écrémé’, Casino, France), litmus dye (6 ‰), heated at 85°C for 
30 min and cooled to 45°C before being inoculated with a commercial yogurt starter culture 
(‘ferments lyophilisés pour yaourt brassé’, Nat-Ali, Nantes, France) following instructions of 
the manufacturer. Thirty millilitres of the inoculated milk were distributed into forty 100 ml-
sterile containers. Eight containers were used for each of the 5 experimental conditions (4 
antifungal strains and control without antifungal strain). They were inoculated or not (control) 
with 1.5 ml of each antifungal strain (5.10
6
 cfu/ml), and among them, 6 were inoculated with 
the 6 targeted fungi and 2 were used for pH measurement and bacterial enumeration. After 
fermentation for 6h at 42°C, yogurts were cooled at 10°C and contaminated on the surface 
with the 6 tested fungi (100 spores or cells per container). Yogurts were stored at 10°C for up 
to 6 weeks.  
 
2.5.2 Bacterial enumeration   
Bacterial enumeration was performed every hour during fermentation at 42°C and then 
weekly during the 6 weeks of storage at 10°C. Lactobacilli were enumerated on acidified 
MRS agar (pH 5.5) (Randazzo, Torriani, Akkermans, De Vos & Vaughan, 2002), antifungal 
Lactobacillus on LAMVAB (Hartemink, Domenech & Rombouts, 1997) and Streptococcus 
thermophilus on M17 supplemented with lactose 0.5% (Ashraf & Shah, 2011). 
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 2.5.3 Fungal quantification 
Fungal growth in each yogurt was visually evaluated once a week, before quantification after 
6 weeks of storage at 10°C. Yogurts contaminated with yeasts were 10-fold diluted in 270 ml 
of sterile peptone water (0.1%) in a stomacher bag (Stomacher® Bags, Fisher scientific, 
Illkirch, France) and homogenized for 1 min (Stomacher® Mix 1, AES Laboratoire, 
Combourg, France). One hundred microliters of each dilution were plated in duplicate on 
yeast extract glucose chloramphenicol agar (YEGC), and yeast colonies were enumerated 
after incubation for 48 h at 25°C. Results were expressed in log10 cfu/g of yogurt.  
Growth of the filamentous fungus P. brevicompactum was evaluated by quantifying the 
ergosterol content in the yogurt. Four grams of the upper layer of the yogurt were sampled 
and a particular attention was given to recover the whole fungus biomass. Each sample was 
then homogenized in 36 ml of 2% trisodium citrate with an Ultra Turrax® (Labortechnik, 
Düsseldorf, Germany) for 1 min.  This mixture was then centrifuged at 9000 g for 20 min at 
room temperature, and the pellet was then frozen at -20°C until use. Prior to ergosterol 
extraction, the pellet was defrosted and suspended in 3 ml of 20% potassium hydroxide in 
methanol followed by incubation for 2 h at 85°C and cooling on ice. Ergosterol extraction was 
made twice by adding 2 ml of petroleum ether (35°C-60°C, Carlo-Erba, Val de Reuil, France) 
to the methanolic potassium hydroxide suspension. The suspension was shaken thrice for 20 s 
and centrifuged at 936 g for 10 min at 4°C. The organic phase was then transferred to an 
amber glass vial (Dutscher, Brumath, France) and evaporated under a nitrogen stream. This 
extract was stored at -20°C before quantification. The extract was defrosted, suspended in 0.5 
ml of methanol, and the ergosterol quantified with a high-performance liquid chromatograph 
Agilent 1100 series (Agilent Technologies, Santa Clara, CA) equipped with an Zorbax 
Eclipse XDB C18 column (4.6 × 150 mm; 5 µm) and an UV detector set at 282 nm. The 
mobile phase was methanol with a flow rate of 1.2 ml/min and the volume injected was 50 µl. 
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 Ergosterol content was determined in triplicate using external ergosterol standards (Sigma, St 
Louis, MO) and the results expressed in µg ergosterol/g of yogurt.  
 
2.5.4 Organic acid analyses  
Acetic and lactic acid concentrations were determined in yogurts after 6 h of fermentation 
using enzymatic kits (Boehringer-Mannheim, R-Biopharm, Darmstadt, Germany). 
 
2.6 Statistical analyses 
Statistical analyses were performed using STATGRAPHICS plus 5.1 package (Statistical 
Graphics Corp., VA, USA). A one-way analysis of variance (ANOVA) was carried out to 
detect significant differences among means. Tukey’s honestly significant difference (HSD) 
test was used to compare mean microbial counts, acidification properties and to assess the 
effects of antifungal strains. Statistical significance was set at P < 0.05 level. 
 
3. Results 
3.1 Phylogenetic identification and typing of Lactobacillus isolates  
Based on the partial sequencing of their 16S rRNA gene, 10 strains were previously assigned 
to the Lactobacillus casei group and one to the Lactobacillus brevis group (K.V9.3.1Np), but 
they could not be clearly assigned to the species level (Delavenne, Mounier, Déniel, Barbier, 
& Le Blay, 2012). The complete sequencing of the 16S rRNA gene in the present study, did 
not allow an identification of the strains without ambiguity. MALDI-TOF analyses allowed a 
better identification, with the assignation without ambiguity (spectral scores above 2.3) of two 
isolates (M.V9.4.2B and K.C8.3.1Hc1), and a probable species identification (spectral scores 
comprised between 2.000 and 2.299) for two other ones (P.C8.7.1A and M.V7.7.1A) to 
Lactobacillus paracasei. Strain K.V9.3.1Np was assigned to Lb. harbinensis with a spectral 
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 score above 2. Only two isolates (K.C8.3.1I and P.C8.3.2A) over four were confirmed to 
belong to Lb. rhamnosus. The last four isolates (M.C7.5.2C, K.V9.3.1NG, M.V7.3.1E and 
M.V8.6.2F) could not be clearly identified using MALDI-TOF analyses (spectral scores 
below 1.999) (Table 1). The complete sequencing of the rpoA gene confirmed the 
identification obtained by MALDI-TOF and definitively assigned M.V8.6.2F and M.V7.3.1E 
to Lb. rhamnosus. However, as for MALDI-TOF, rpoA gene sequencing did not allow to 
clearly assigned isolates M.C7.5.2C and K.V9.3.1Ng to the species level. Indeed, these 
isolates could not be differentiated from two closely related species, Lb. casei and Lb.  zeae. 
These isolates were finally assigned to Lb. zeae based on their pheS gene sequences.  
PFGE analysis was used for strain typing. The use of SfiI and SmaI clearly showed that the 
two isolates belonging to Lb. zeae and the four isolates belonging to the Lb. paracasei species 
were different strains (data not shown). Two of the four isolates identified as Lb. rhamnosus 
showed distinct patterns (M.V8.6.2F and M.V7.3.1E), but the two others (K.C8.3.1I and 
P.C8.3.2A) showed similar PFGE band patterns (data not shown). 
 
Table 1. Species assignation of antifungal Lactobacillus isolates based on MALDI-TOF analyses 
and rpoA and pheS gene sequencing.  
Strains MALDI-TOF rpoA gene sequencing pheS gene sequencing Species assignation 
K.V9.3.1Np Lb. harbinensis Lb. harbinensis nd
‡ Lb. harbinensis 
M.C7.5.2C Lb. casei / zeae
† Lb. zeae / casei Lb. zeae Lb. zeae 
K.V9.3.1Ng Lb. casei / zeae Lb. zeae / casei Lb. zeae Lb. zeae 
M.V9.4.2B Lb. paracasei Lb. paracasei nd Lb. paracasei 
P.C8.7.1A Lb. paracasei Lb. paracasei nd Lb. paracasei 
M.V7.7.1A Lb.  paracasei Lb. paracasei nd Lb.  paracasei 
K.C8.3.1Hc1 Lb. paracasei Lb. paracasei nd Lb. paracasei 
M.V8.6.2F Lb. rhamnosus / casei Lb. rhamnosus nd Lb. rhamnosus 
P.C8.3.2A Lb. rhamnosus Lb. rhamnosus nd Lb. rhamnosus 
M.V7.3.1E Lb. rhamnosus / casei Lb. rhamnosus nd Lb. rhamnosus 
K.C8.3.1I Lb. rhamnosus Lb. rhamnosus nd Lb. rhamnosus 
† 
When two names are proposed, the first is with the highest percentage of identity or the best score.  
‡  
not determined 
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 3.2 Physiological characterization of isolates 
3.2.1 Sugar fermentation patterns 
Fermentation patterns confirmed PFGE results which showed that Lb. paracasei and Lb. zeae 
isolates were different strains due to their different sugar fermentation patterns (Table 2). 
Moreover, the two Lb. rhamnosus isolates (K.C8.3.1I and P.C8.3.2A), which could not be 
differentiated using PFGE, had distinct fermentation patterns with a differential utilization of 
inositol, implying that they are probably different strains (Table 2). All strains were able to 
metabolize D-lactose. 
 
Table 2. Fermentation patterns of potential antifungal Lactobacillus spp. strains. 
 Lb. 
harbinensis 
 
Lb. zeae 
 
Lb. paracasei 
 
Lb. rhamnosus 
 K. 
V9. 
3. 
1Np 
 M. 
C7. 
5. 
2C 
K. 
V9. 
3. 
1Ng 
 M. 
V9. 
4. 
2B 
P. 
C8. 
7. 
1A 
M. 
V7. 
7. 
1A 
K. 
C8. 
3. 
1Hc1 
 M. 
V8. 
6. 
2F 
P. 
C8. 
3. 
2A 
M. 
V7. 
3. 
1E 
K. 
C8. 
3. 
1I 
Glycerol -  - +  - - - -  - - - - 
Erythritol -  - -  - - - -  - - - - 
D-Arabinose -  + +  - - - -  - - - - 
L-Arabinose +  + +  - - - -  - - - - 
D-Ribose -  + +  + + + +  + + + + 
D-Xylose -  - -  - - - -  - - - - 
L-Xylose -  - -  - - - -  - - - - 
D-Adonitol -  - -  - - + +  - - - - 
Methyl-ßD-
Xylopyranoside 
-  - -  - - - -  - - - - 
D-Galactose +  + +  + + + +  + + + + 
D-Glucose +  + +  + + + +  + + + + 
D-Fructose +  + +  + + + +  + + + + 
D-Mannose +  + +  + + + +  + + + + 
L-Sorbose -  - -  - + - -  + + + + 
L-Rhamnose -  + +  - - - -  + + + + 
Dulcitol -  - -  - - - -  - - - - 
Inositol -  - -  - - - -  - - - + 
D-Mannitol -  + +  + + + +  + + + + 
D-Sorbitol -  + +  - - + +  + + + + 
Methyl-αD-
Mannopyranoside 
-  - -  - - - -  - - - - 
Methyl-αD-
Glucopyranoside 
-  - -  + - + -  + + + + 
N-
Acetylglucosamine 
+  + +  + + + +  + + + + 
Amygdalin +  + +  - + - -  + + + + 
Arbutin +  + +  + + + +  + + + + 
Esculin 
ferric citrate 
+  + +  + + + +  + + + + 
Salicin +  + +  + + + +  + + + + 
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 Table 2 (continued) 
D-Cellobiose +  + +  + + + +  + + + + 
D-Maltose +  + +  + + + +  + + + + 
D-Lactose (bovine 
origin) 
+  + +  + + + +  + + + + 
D-Melibiose +  - -  - - - -  - - - - 
D-Saccharose 
(sucrose) 
+  + +  + + + +  + + - + 
D-Trehalose +  + +  + + + +  + + + + 
Inulin -  - -  - - - +  - - - - 
D-Melezitose -  + +  + + + +  + + + + 
D-Raffinose +  - -  - - - -  - - - - 
Amidon (starch) -  - -  - - - -  - - - - 
Glycogen -  - -  - - - -  - - - - 
Xylitol -  - +  - - - -  - - - - 
Gentiobiose +  + +  + + + +  + + + + 
D-Turanose -  - -  + + + +  + + + + 
D-Lyxose -  - -  - - - -  - - - - 
D-Tagatose -  + +  + + + +  + + + + 
L-Fucose -  + +  - - - -  - - - - 
D-Arabitol -  + +  - - - -  - - - - 
L-Arabitol -  - -  - - - -  - - - - 
Potassium 
gluconate 
+  + +  + + + +  + + + + 
Potassium 2-
Ketogluconate 
-  - +  - - - -  - - - - 
Potassium 5-
Ketogluconate 
-  - -  - - - -  - - - - 
 
3.2.2 Growth rate in MRS  
Physiological assays were performed to determine the effect of temperature on the growth 
capacity and growth rate of the selected strains. The highest growth rates, ranging from 0.33 
to 0.5, were observed at 42°C for Lb. rhamnosus M.V7.3.1E, K.C8.3.1I and P.C8.3.2A, and 
Lb. zeae M.C7.5.2.C and K.V9.3.1.Ng. The other strains were also able to grow at 42°C, 
except Lb. harbinensis K.V9.3.1Np, and Lb. paracasei M.V9.4.2B and M.V7.7.1A. All 
strains were able to grow at 30°C with growth rates ranging from 0.17 to 0.30, whereas no 
strain was able to grow at 12°C (Table 3).  
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 Table 3. Acidification properties and growth of potential antifungal Lactobacillus spp. strains in UHT milk and MRS. 
 
 
   Lb. harbinensis  Lb. zeae  Lb. paracasei  Lb. rhamnosus 
   K.V9.3.1Np  M.C7.5.2C K.V9.3.1Ng  M.V9.4.2B P.C8.7.1A M.V7.7.1A K.C8.3.1Hc1  M.V8.6.2F P.C8.3.2A M.V7.3.1E K.C8.3.1I 
Milk pH 0 h 6.7 ± 0.01a  6.7 ± 0.05a 6.7 ± 0.01a  6.7 ± 0.05a 6.7 ± 0.05a 6.7± 0.05a 6.7± 0.05a  6.7± 0.05a 6.7± 0.05a 6.7± 0.05a 6.7± 0.05a 
  24 h 6.3 ± 0.00abc  6.4 ± 0.03c 6.4 ± 0.01bc  5.9 ± 0.08ab 5.8 ± 0.05a 6.0 ± 0.06abc 6.3 ± 0.07bc  5.8 ± 0.42a 6.3 ± 0.07abc 5.8 ± 0.38a 6.3 ± 0.09abc 
  48 h 5.9 ± 0.01bcde  6.3 ± 0.18de 6.5 ± 0.01e  4.9 ± 0.04a 4.7 ± 0.03a 5.0 ± 0.05ab 5.9 ± 0.10cde  4.9 ± 0.57a 5.6 ± 0.37abcd 4.9 ± 0.60a 5.4 ± 0.40abc 
  72 h 5.7 ± 0.01cd  5.6 ± 0.82bcd 6.4 ± 0.01d  4.3 ± 0.07a 4.2 ± 0.04a 4.4 ± 0.07a 5.3 ± 0.13abc  4.4 ± 0.44a 4.7 ± 0.50abc 4.4 ± 0.47a 4.6 ± 0.43ab 
 log cfu/ml 0 h 6.4 ± 0.0a  6.8 ± 0.2a 6.7 ± 0.0a  6.6 ± 0.3a 6.2 ± 0.6a 6.7 ± 0.1a 6.8 ± 0.2a  6.6 ± 0.2a 6.8 ± 0.2a 6.5 ± 0.3a 6.7 ± 0.2a 
  24 h 8.3 ± 0.2a  8.7 ± 0.2 ab 8.7 ± 0.0 ab  8.7 ± 0.1 ab 8.6 ± 0.1 ab 8.8 ± 0.2 ab 8.7 ± 0.1 ab  8.9 ± 0.2b 8.7 ± 0.1 ab 8.9 ± 0.3 b 8.7 ± 0.3 ab 
  48 h 8.4 ± 0.1a  8.8 ± 0.4ab 8.6 ± 0.1ab  9.1 ± 0.1b 8.9 ± 0.1ab 8.9 ± 0.2ab 8.9 ± 0.1ab  9.1 ± 0.2 b 9.1 ± 0.3 b 9.1 ± 0.2 b 9.1 ± 0.3 b 
  72 h 8.6 ± 0.0a  9.1 ± 0.4ab 8.8 ± 0.2ab  9.3 ± 0.1b 8.8 ± 0.2ab 9.1 ± 0.2ab 8.9 ± 0.1ab  9.0 ± 0.3ab 9.2 ±0.1b 8.9 ± 0.3ab 9.2 ± 0.1b 
MRS 
broth 
growth rates 12°C -  - -  - - - -  - - - - 
  30°C 0.20  0.30 0.30  0.24 0.17 0.27 0.30  0.21 0.27 0.21 0.28 
  42°C -  0.45 0.33  - 0.17 - 0.13  0.30 0.45 0.50 0.46 
Values with different small letters in a row are significantly different by Turkey-HSD test (P < 0.05); Growth rates are expressed in h
-1
; - No growth after 48 hours 
1
2
2
 3.2.3 Antibiotic resistance profiles 
The 11 strains showed very similar antibiotic resistance profiles. They were resistant to 
vancomycine, streptomycine, kanamycine, trimethoprime/sulfamethoxazole and sensitive to 
erythromycin, tetracyclin, ampicillin and chloramphenicol. However, two exceptions were 
observed with Lb. rhamnosus K.C8.3.1I and M.V8.6.2F that were sensitive to streptomycin.  
 
3.2.4 Growth in milk 
The most acidifying strains belonged to the Lb. paracasei (P.C8.7.1A, M.V9.4.2B and 
M.V7.7.1A) and the Lb. rhamnosus (M.V7.3.1E and M.V8.6.2F) with ∆pH of -2.5 and -2.3 
after 72h incubation, respectively. The slowest-acidifying strains were the Lb. zeae 
(K.V9.3.1Ng and M.C7.5.2C) and the Lb. harbinensis (K.V9.3.1Np). All strains were able to 
grow in milk with concentrations comprised between 8.6 and 9.3 log10 cfu/ml after 72 h 
incubation at 30°C, and Lb. harbinensis K.V9.3.1Np reached the lowest cell number 
(Table 3). 
 
3.2.5 Antifungal activity spectrum in milk 
Among the 8 targeted fungi, K. lactis and P. anomala were the most difficult to inhibit, 
whereas R. mucilaginosa, D. hansenii and P. brevicompactum were the most easily inhibited 
in milk. The Lb. rhamnosus strains exhibited the widest activity spectra with strain K.C8.3.1I 
inhibiting the 8 fungal targets followed by strains M.V7.3.1E and P.C8.3.2A inhibiting 7 
targets. The strains showing the lowest inhibitory activity spectrum in milk were Lb. 
harbinensis K.V9.3.1Np and Lb. paracasei K.C8.3.1Hc1 inhibiting only 4 and 3 fungal 
targets, respectively (Table 4). Within a same species, inhibition spectra were strain-
dependent. 
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 Table 4. Antifungal activity spectrum of Lactobacillus spp. strains in milk.  
 Lb. harbinensis  Lb. zeae  Lb. paracasei  Lb. rhamnosus 
Fungi 
K. 
V9. 
3. 
1Np 
 M. 
C7. 
5. 
2C 
K. 
V9. 
3. 
1Ng 
 M. 
V9. 
4. 
2B 
P. 
C8. 
7. 
1A 
M. 
V7. 
7. 
1A 
K. 
C8. 
3. 
1Hc1 
 M. 
V8. 
6. 
2F 
P. 
C8. 
3. 
2A 
M. 
V7. 
3. 
1E 
K. 
C8. 
3. 
1I 
D. hansenii ±  - ±  + ± + -  ++ ++ + ++ 
K. lactis -  - -  - - - -  - - ± ± 
K. marxianus -  ± ±  ± ± ± -  ± ± - ± 
P. anomala -  - -  - - - -  - ± ± ± 
R. mucilaginosa ++  ± ++  ± ± ± +  + ++ ++ ++ 
Y. lipolytica -  ± -  ± - ± -  ± ± ± ± 
P. brevicompactum +  + ++  ± ± ± +  ± ++ ± + 
P. expansum ±  ± ++  ± ± ± ±  ± ± ± ± 
Results shown are the combination of three tests. - indicates that fungal growth was not inhibited; 
± indicates that fungal growth was lower on the filled well than on the control well in at least two assays; 
+ indicates that growth inhibition was complete in two assays, whereas ++ indicates that growth 
inhibition was complete in the three assays. 
 
3.2.6 Fungal sensitivity to acetic and lactic acids  
Independently of pH, fungi were more resistant to lactic acid than acetic acid and their 
sensitivity decreased with pH increase. P. anomala, Y. lipolytica and P. expansum were the 
most resistant fungi to acetic acid, whereas the most sensitive ones were D. hansenii and R. 
mucilaginosa (Table 5). 
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 Table 5. Minimal concentrations (M) of lactic and acetic acids completely inhibiting fungal growth at pH 3, 5 and 7. 
Acids    D. hansenii  R. mucilaginosa  K. marxianus  K. lactis  P. brevicompactum  P. expansum  Y. lipolytica  P. anomala 
Acetic acid pH 7 
5 
3 
 0.5 
0.1 
0.005 
 0.5 
0.1 
0.02 
 0.5 
0.1 
0.01 
 1 
0.1 
0.01 
 0.5 
0.1 
0.02 
 1 
0.1 
0.05 
 1 
0.2 
0.05 
 1 
0.2 
0.05 
Lactic acid pH 7 
5 
3 
 1 
0.5 
0.1 
 1 
0.5 
> 0.1 
 1 
1 
> 0.1 
 1 
0.5 
0.1 
 2 
2 
> 0.1 
 2 
2 
> 0.1 
 2 
2 
> 0.1 
 2 
2 
> 0.1 
The eight fungi Debaryomyces hansenii, Pichia anomala, Kluyveromyces lactis, K. marxianus, Rhodotorula mucilaginosa, Yarrowia lipolytica, Penicillium brevicompactum and 
P. expansum used for the characterization of fungal activity spectrum of the eleven strains came from the "Souchothèque de Bretagne" culture collection (Université de Brest, 
Plouzané, France) or from the “Collection de Levures d'Intérêt Biotechnologique (CLIB)" (INRA, Thiverval-Grignon, France). 
1
2
5
 3.3 Challenge tests in yogurts 
The three strains totally inhibiting the growth of at least one fungus in the first series of 
experiments were Lb. harbinensis K.V9.3.1Np, Lb. rhamnosus K.C8.3.1I and Lb. paracasei 
K.C8.3.1Hc1. They were then chosen with the less active strain, Lb. zeae K.V9.3.1Ng for one 
more repetition in comparison to a negative control without antifungal strain. The four 
antifungal strains neither modified the acidification properties nor the growth of starters that 
was similar with or without protective strain (Figure 1). No significant differences in pH 
(ranging from 3.9 to 4.1), lactic acid (ranging from 737 to 887 mg/100 g) nor acetic acid 
(ranging from 3.5 to 6 mg/100 g) concentrations were observed between the supplemented 
yogurts and the control yogurts after 6 h of fermentation. Moreover, Lb. rhamnosus 
K.C8.3.1I, Lb. zeae K.V9.3.1Ng, Lb. paracasei K.C8.3.1Hc1 and the starter Lb. delbrueckii 
subsp. bulgaricus reached similar cell numbers with ~8 log10 cfu/ml. In contrast, Lb. 
harbinensis K.V9.3.1Np grew much slowly with 6.9 ± 0.1 log10 cfu/ml after 6 h of 
fermentation. Nevertheless, it reached a similar population to that of the three other antifungal 
strains after 6 weeks of storage at 10°C. Concerning fungal growth, the control yogurt and the 
yogurt supplemented with Lb. zeae K.V9.3.1Ng showed a heavy fungal growth after 6 weeks 
of storage regardless of the inoculated fungus (Table 6). In contrast, Lb. harbinensis 
K.V9.3.1Np totally prevented the growth of all targeted fungi, while Lb. rhamnosus K.C8.3.1I 
significantly reduced the growth of D. hansenii and R. mucilaginosa, and Lb. paracasei 
K.C8.3.1Hc1 only significantly reduced the growth of D. hansenii.  
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 A. Yogurt supplemented with Lb. harbinensis K.V9.3.1Np 
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B. Yogurt supplemented with Lb. zeae K.V9.3.1Ng 
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C. Yogurt control 
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Figure 1. Bacterial growth and pH decrease in yogurts supplemented with Lb harbinensis K.V9.3.1Np 
(A), Lb. zeae K.V9.3.1Ng (B) compared to control without antifungal strain (C) after 6 h of 
fermentation at 42°C and after 6 weeks of storage at 10°C. ● Protective strain; ○ Lb. bulgaricus; Δ S. 
thermophilus; ´ pH.  
127
 Table 6. Fungal quantification, expressed in log10 cfu/g of yogurt for yeasts, and in µg ergosterol/g of yogurt 
surface for P. brevicompactum.  
Fungi  
 
Control 
 Lb. harbinensis 
K.V9.3.1Np 
 Lb. zeae 
K.V9.3.1Ng 
 Lb. paracasei 
K.C8.3.1Hc1 
 Lb. rhamnosus 
K.C8.3.1I 
D. hansenii  8.1 ± 0.5a  < 2b  7.4 ± 0.2a  2.3 ± 0.4b  3.8 ± 2.5b  
R mucilaginosa  8.3 ± 0.4a  < 2b  7.9 ± 0.1a  7.6 ± 0.5a  < 2b 
K marxianus  7.2 ± 0.4a  < 2b  7.4 ± 0.2a  7.3 ± 0.5a  7.6 ± 0.3a 
K lactis  8.4 ± 0.3a  < 2b  8.2 ± 0.1a  7.7 ± 0.6a  8.0 ± 0.2a 
Y. lipolytica  8.4 ± 0.1a  < 2b  7.6 ± 0.2a  7.8 ± 0.1a  7.6 ± 0.1a 
P. brevicompactum  137 ± 19  nd
†
  87 ± 4  80 ± 16  77 ± 25 
†
 not detected.  
Values with different small letters in a row are significantly different by Turkey-HSD test (P < 0.05). 
 
4. Discussion 
In this study, antifungal Lactobacillus spp. previously isolated from cow and goat milk were 
tested for their potential as protective culture in yogurt and fermented milk. These isolates 
were clearly identified and assigned without ambiguity at the species level using a polyphasic 
approach combining phenotypic (MALDI-TOF) and molecular (16S rRNA, pheS, rpoA gene 
sequencing) methods as suggested by Vanhaverbeke et al., (1998), whereas strain typing was 
performed using PFGE. Interestingly, it was found that pheS gene sequencing was the most 
useful to identify isolates of Lb. zeae that is very closely related with Lb. casei (Felis, 
Dellaglio, Mizzi & Torriani, 2001). 
Concerning antibiotic resistance profiles, all strains were resistant to vancomycin, kanamycin, 
trimethropine/sulfamethoxazole, and streptomycin (except strains of Lb. rhamnosus 
M.V8.6.2F and K.C8.3.1I being sensitive to the latter). These results were in agreement with 
literature data since it is traditionally considered that lactobacilli are intrinsically resistant to 
these antibiotics (Danielsen & Wind, 2003). None of the strains were resistant to 
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 eryhtromycine nor tetracycline, two common transferable resistant genes among lactobacilli 
(Bernardeau, Vernoux, Henri-Dubernet & Guéguen, 2008).  
Preliminary antifungal tests were performed in UHT milk at 30°C in order to provide a 
favorable temperature for growth of all strains. This test showed that Lb. rhamnosus strains 
K.C83.1I, M.V7.3.1E, P.C8.3.2A were the most effective by inhibiting 8 or 7 fungi. In 
contrast, Lb. harbinensis K.V9.3.1Np and Lb paracasei K.8.3.1.Hcl were the least effective 
with inhibition of 4 and 3 fungi, respectively. These antifungal effects were strain-dependent, 
and were not related to the growth capacity of the strains in milk neither to their acidification 
properties. Indeed, strains such as Lb. paracasei M.V9.4.2B and M.V7.7.1A, with a rapid 
growth and deep acidification after 72 h of fermentation at 30°C in milk, were not the most 
effective against fungi. Moreover, the most acid sensitive fungi, i.e. D. hansenii, R. 
mucilaginosa and K. lactis, were not systematically inhibited, whereas less acid sensitive 
fungi (P. expansum and P. brevicompactum) were inhibited. This suggests that antifungal 
molecules other than acetic and lactic acids may be also involved. 
Very interestingly, challenge tests performed in yogurts gave very different results. Most of 
the strains (8 of 11 strains tested) did not completely inhibit the targeted fungi. Among the 
three most effective strains in milk, Lb. rhamnosus K.C8.3.1I was the only strain still active in 
yogurt with a complete inhibition of R. mucilaginosa and a partial inhibition of D. hansenii. 
On the opposite, Lb. harbinensis K.V9.3.1Np that was the least active strain in milk, 
completely inhibited all targeted fungi in yogurt, despite its slowest growth capacity at 42°C. 
This dramatic increase in the antifungal activity of Lb. harbinensis K.V9.3.1Np in yogurt 
suggests that an additive and/or synergistic effect between Lb. harbinensis K.V9.3.1Np and 
yogurt starters occurred, while such an effect was not observed for the other antifungal 
strains. The yogurt starters probably increased the antifungal effect via the production of 
lactic acid concomitant to a strong pH decrease (final pH of 4.1) that probably participated in 
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 the inhibition of acid sensitive fungi such as D. hansenii and R. mucilaginosa. However, this 
was certainly not the main mechanism of action since no significant differences were 
observed in pH, lactic and acetic acid concentrations between yogurts. Moreover, acetic and 
lactic acid concentrations were below their minimal inhibitory concentration toward the tested 
fungi. The strong antifungal effect of Lb. harbinensis compared to the other antifungal strains 
was rather linked to the production of other metabolites. It seems that either the synthesis or 
the activity of the antifungal molecules was potentiated in the presence of yogurt starters. In 
other words, the growth and metabolic activities of yogurt starters created a more favorable 
environment for the expression of the antifungal activity induced by Lb. harbinensis 
K.V9.3.1Np. 
It is the first time that such a synergistic effect is described between Lactobacillus harbinensis 
and yogurt starters. Generally, mixed cultures of Propionibacterium spp. and Lactobacillus 
spp. are necessary to provide an effective antifungal effect in dairy products (Schwenninger & 
Meile  2004; Suomalainen & Mäyrä-Mäkinen, 1999; El-Shafei, Abd El-Gawad, Dabiza, 
Sharaf & Effat, 2008). Until now, most of active antifungal strains in fermented milk products 
were related to the Lactobacillus casei group (Lb. paracasei, Lb. casei or Lb. rhamnosus). 
The Lb. harbinensis species has been described in 2005 (Miyamoto et al. 2005) and was 
originally isolated from a Chinese fermented vegetable product. To our best knowledge, this 
is the first time that a strain of Lb. harbinensis with antifungal properties is described. 
Lb. harbinensis K.V9.3.1Np is a good candidate for food preservation. Complementary 
studies are actually performed in our laboratory in order to elucidate the mechanisms of action 
and the modulation of its antifungal activity in fermented milks. 
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.-7$3$)&#&*3! -2!*C6(3$)&#&*3! %(! @5-$77(*@&! &3`-2! l’activité métabolique des ferments lactiques 
Ia(7%&!(*B!a-56(*+!S[[LO>!R(5!&D&#.%&+!W$*B&5-%(!!"#$%&!IS[[SO!ont montré que l’ajout de 15 % 
B&! 7(@@/(5-7&! B$#$*2($3! 7$6*$E$@(3$)&#&*3! %(! @5-$77(*@&! B&! @&53($*&7! 7-2@/&7! B&! 1")!2"-3-33/.!
.$%04$)0/.! 7297.>! "*!)+-2*0%/.! I1&# "*!)+-2*0%/.O! &3! B&! '$3"-($30%%/.! 5!%()/!3600! 7297.>! (/%7$)03/.!
I'(&#(/%7$)03/.O>!L’hypothèse 12&!B&7!E(@3&257!9$-3$12&7!-2!(9$-3$12&7!.2$77&*3!C6(%&#&*3!#-B2%&5!
l’activité inhibitrice des souches présentant un effet protecteur .&23! F35&! C#$7&>! <&7! 35()(2D! B&!
42&55(!!"#$%&!IS[[LO!-*3!#-*35C!*-3(##&*3!12&+!0,#40")-+!%&7!.5-B2@3$-*7!B&!*$7$*&!&3!B&!.CB$-@$*&!
C3($&*3!5CB2$3&7!en présence de concentrations importantes d’azote total et de sucre. D’autre part, 
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'(%%(6*-%!!"#$%&!IS[LLO!-*3!#$7!&*!C)$B&*@&!12&!B&7!@-*@&*35(3$-*7!.%27!C%&)C&7!B&!./C*=%(%(*$*&!
&3!B&! 3=5-7$*&!B(*7! %&!#$%$&2!B&! E&5#&*3(3$-*!(26#&*3($&*3!7$6*$E$@(3$)&#&*3! %&7!@-*@&*35(3$-*7!
d’acide7!./C*=%%(@3$12&!&3!/=B5-D=./C*=%%(@3$12&+!12$!7-*3!B&7!@-#.-7C7!(*3$E-*6$12&7>!
R(5#$!%&7!@/(#.$6*-*7!responsables d’altérations des yaourts et des produits laitiers en général, 
8$))-90$# %02-%:"03$! &73!2*&! %&)25&! E5C12&##&*3! 5&*@-*35C&! IW$%A-&*+! S[[LO>!"%%&! &73! &*! &EE&3! 9$&*!
(B(.3C&!H!@&!3=.&!B&!.5-B2$3!@(5!&%%&!&73!@(.(9%&!B&!@5-b35&!H!E($9%&!.J!&3!d’utiliser le lactate et les 
(@$B&7! (#$*C7! @-##&! 7-25@&7! B&! @(59-*&! et d’énergie! Ia(*7-25! !"# $%&+! S[[UO>! '&! .%27+! B&7!
35()(2D! .5C@CB&*37! I0/(.$35&! PPPO! -*3!#-*35C! qu’une seule souche de %(@3-9(@$%%&! .(5#$! %&7! LL!
souches testées était capable d’exercer une activité antagoniste contre cette levure.  !
L’objectif de cette étude a été de déterminer, à l’aide d’un plan d’expC5$&*@&+! l’influence (i) du 
temps de fermentation, (ii) de l’ajout de saccharose, (iii) du taux d’inoculation des souches 
.5-3&@35$@&7! &3! I$)O! B2! 3(2D! B&! @-*3(#$*(3$-*! B&! 8&# %02-%:"03$, sur l’activité bioG.5-3&@35$@&! B&!
'(&#)*$+,-./.!T>0U>V>LP!&3!'(&#*$)(0,!,.0.!T>WM>V>LX.>!
!
9,!:;3<7&)=>!)3!?<3@#*)>  
;&<#1-/3*!.#
;&<&<#=0(%!#>-,70?/!#
8&# %02-%:"03$!<a,?!S>LL>[[c! &73! $772&! B&! %(! d!,-2@/-3/Y12&!B&!85&3(6*&!e! If*$)&57$3C! B&!85&73+!
R%-2K(*C+!g5(*@&O>!0&33&!%&)25&!(!C3C!@-*7&5)C&!H!GU[h0!B(*7!2*!#$%$&2!i"a?!I=&(73!&D35(@3!(*B!
#(%3!9(7&B!#&B$2#O!72..%C#&*3C!&*!6%=@C5-%!IV[!j+!)`)O>!"%%&!C3($3!@2%3$)C&!725!#$%$&2D!6C%-7C7!
i"a?!-2!i"40!Ii&(73!&D35(@3!6%2@-7&!@/%-5(#./&*$@-%O!&*!(C5-9$-7&!H!SNh0>!<&7!727.&*7$-*7!
23$%$7C&7!.-25!@-*3(#$*&5! %&7!=(-2537!-*3!C3C!.5C.(5C&7!dans de l’eau stérile à partir de!@-%-*$&7!
.5C%&)C&7!725!9-b3&7!B&!RC35$>!<&7!@&%%2%&7!-*3!C3C!BC*-#95C&7!()&@!2*&!@&%%2%&!B&!a(%(77&K!.2$7!
-*3!C3C!(A273C&7!H!L[c!@&%%2%&7`#%>!!
!
#
#
#
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;&<&;#@$3"A)0!.#%$3"0?/!.#$,"0>-,70?/!.#
'(&#*$)(0,!,.0.!T>WM>V>LX.!&3!'(&#)*$+,-./.!K.C8.3.1I ont été isolées lors d’un criblage à partir 
5&7.&@3$)&#&*3! B&! %($3! B&! )(@/&! &3! B&! %($3! B&! @/Y)5&>! "%%&7! C3($&*3! @-*7&5)C&7! H! GU[h0! B(*7! B2!
#$%$&2!a^,!I?",!0/&#2*&D+!852K+!g5(*@&O!()&@!V[!j!B&!6%=@C5-%!I)`)O!&3!@2%3$)C&7!&*!9-2$%%-*!
a^,>!Pour la préparation des inocula ajoutés dans le yaourt, les souches étaient d’abord cultivées 
dans du bouillon MRS jusqu’à atteindre la E$*!B&!%(!./(7&!&D.-*&*3$&%%&!B&!@5-$77(*@&!IL\!/&25&7O>!
f*!)-%2#&!(BC12(3!B&7!@2%325&7!C3($3!&*72$3&!@&*35$E26C!L[!#$*!H!L[[[[6+!.2$7!%&7!@&%%2%&7!C3($&*3!
lavées avec de l’eau peptonée I[>L!jO! avant d’être resuspendues dans du lait pasteurisé demiG
C@5C#C! I<($3! E5($7! B&#$GC@5C#C! .(73&25$7C! 45(*B<($3+! 0(*B$(+! g5(*@&O+! .-25! -93&*$5! 2*&!
@-*@&*35(3$-*!B&!L[U!fg0`#%>!!
!
;&;#Plan d’expérience#
<&7! &EE&37! B2! 7(@@/(5-7&! I(97&*@&! 4.! .5C7&*@&O+! de l’inoculation ()&@! 2*&! 7&2%&! 7-2@/&! -2! 2*!
#C%(*6&!B&7!B&2D!7-2@/&7!(*3$E-*6$12&7!'(&#*$)(0,!,.0.!T>WM>V>LX.!&3!'(&#)*$+,-./.!T>0U>V>LP+!
B&!%(!B25C&!B&!E&5#&*3(3$-*!IV/!4.!Q/O!&3!B2!3(2D!B&!@-*3(#$*(3$-*!IL[[!4.!L[[[!fg0`.-3O!.(5!
8&#%02-%:"03$+! sur l’inhibition de ce contaminant ont été étudiés dans un modèle yaourt>!R-25! @&!
E($5&+!%(!E(95$@(3$-*!&3!%(!@-*3(#$*(3$-*!B&7!=(-2537!-*3!C3C!@-*B2$3&7!7&%-*!2*!.%(*!Bk&D.C5$&*@&!
B&! 3=.&! E(@3-5$&%! E5(@3$-**C! @-*7352$3! 725! N! E(@3&257!l! (A-23! B&! 7(@@/(5-7&+! $*-@2%(3$-*! B&!
'(&#*$)(0,!,.0.!T>WM>V>LX.+! $*-@2%(3$-*! B&! !'(&# )*$+,-./.!T>0U>V>LP+!B25C&!B&! E&5#&*3(3$-*+! &3!
3(2D!B&!@-*3(#$*(3$-*!E-*6$12&+!*-3C7!5&7.&@3$)&#&*3!?+!8+!0+!'!&3!">!?!@/(12&!E(@3&25!C3($&*3!
(77-@$C7!B&2D!*$)&(2D!@-BC7!l!2*&!)(%&25!9(77&!I-LO!&3!2*&!)(%&25!/(23&! ImLO+!@-##&!$*B$12C&7!
B(*7!%&!3(9%&(2!L>!'(*7!@&33&!C32B&+!%’expérimentation a été répartie en deux blocs @-55&7.-*B(*37!
(2!.%(*!I9%-@!LO!&3!H!%(!5C.C3$3$-*!B&!@&!.%(*!I9%-@!SO>!<&!.%(*!Bk&D.C5$&*@&!&73!2*&!E5(@3$-*!B2!.%(*!
@-#.%&3!B&!N! E(@3&257!H!S!*$)&(2D+! 7-$3!SNGL!&77($7!.(5!9%-@+! @&!12$!.&5#&3+! &*!2*!*-#95&! %$#$3C!
d’essais (réduction du plan complet 2N! B&! #-$3$CO+! BkC)(%2&5! %&7! &EE&37! B&7! E(@3&257! &3! B&7!
$*3&5(@3$-*7! &*35&! S! E(@3&257+! &*! @-*7$BC5(*3! 12&! %&7! $*3&5(@3$-*7! &*35&! V! E(@3&257+! &3! .%27+! 7-*3!
*C6%$6&(9%&7>! 0/(12&! 9%-@! C3($3! @-*73$32C! B&! LQ! &77($7! ($*7$! 12&! B&! c! &77($7! I5C.C3$3$-*7O!
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@-55&7.-*B(*37!H!2*!.-$*3!@&*35(%>!R-25!%&7!E(@3&257!8+!0+!'!&3!"+!!%&7!*$)&(2D!B&7!.-$*37!@&*35(2D!
I@-BC7! [O! 7-*3! C12$B$73(*37! B&7! *$)&(2D! I-LO! &3! ImLO>! '(*7! @&33&! C32B&+! U! 5C.C3$3$-*7! B2! .-$*3!
@&*35(%!-*3!C3C!E($3&7+!-2!.%27!&D(@3&#&*3+!c!5C.C3$3$-*7!()&@!B2!%($3!*(325&!&3!c!5C.C3$3$-*7!()&@!B2!
%($3!72@5C!In(9%&(2!LO+!%&!E(@3&25!*(325&`72@5C!C3(*3!@-*7$BC5C!B(*7!@&33&!C32B&!@-##&!2*!E(@3&25!
12(%$3(3$E>!0&7!.-$*37!@&*35(2D!7-*3!23$%$7C7!(E$*+!d’une part+!de définir un manque d’ajustement 
C)&*32&%! B2! #-BY%&! .-%=*-#$(%! .5-.-7C! &3+! d’autre part, de préciser+! B(*7! 2*&! BC#(5@/&!
séquentielle d’optimisation+!%(!B$5&@3$-*!B&!%(!.%27!65(*B&!.&*3&!I8-D!(*B!J2*3&5+!LMN\O>!
!
A;B=);(! 0,! W(%&257! (335$92C&7! H! @/(12&! *$)&(2! I-L+! mL! &3! [O! (77-@$C! (2D!
B$EEC5&*37!E(@3&257!I?+!8+!0+!'!&3!"O!C32B$C7>!<&!*$)&(2![!@-55&7.-*B!(2D!.-$*37!
@&*35aux de l’expérience. !
! ! -0! C0! D!
E! F;88@;7#>)! [! L[!j! !
G! !%0+,"-%'./.*'*!+,-.,/,012! [! N>L[Q!fg0`#%! S+N>L[Q!fg0`#%!
4! !%0+-,"1.$*)*!+,45,/,06! [! N>L[Q!fg0`#%! S+N>L[Q!fg0`#%!
H! H(7<)!*)!")7?)$3;3&#$! V!/&25&7! Q!/&25&7! c+N!/&25&7!
I! A;(J!*)!8#$3;?&$;3&#$! L[[!fg0! L[[[!fg0! N[[!fg0!
!
f*!&77($!&73!BCE$*$!.(5!2*!*$)&(2!B-**C!.-25!@/(@2*!B&7!N!E(@3&257!&3!3-23&7!%&7!@-#9$*($7-*7!B&!
niveaux sont effectuées au cours de l’expérimentation!In(9%&(2!SO>!!
A;B=);(!9,!"77($7!5C(%$7C7!&3!@-#9$*($7-*7!B&!*$)&(2D!B&7!N!E(@3&257!(77-@$C&7>!<&7!&77($7!
725%$6*C7!@-55&7.-*B&*3!(2D!.-$*37!@&*35(2D!de l’eD.C5$&*@&>!!
G=#8! I>>;&! E! G! 4! H! I! G=#8! I>>;&! E! G! 4! H! I!
0!
0! mL! mL! mL! mL! -L!
9!
90! mL! [! [! [! [!
9! -L! [! [! [! [! 99! mL! -L! -L! mL! mL!
/! -L! mL! mL! -L! -L! 9/! mL! mL! mL! -L! -L!
K! mL! [! [! [! [! 9K! mL! -L! mL! -L! mL!
L! mL! -L! -L! mL! -L! 9L! -L! [! [! [! [!
M! -L! mL! -L! mL! -L! 9M! -L! mL! mL! -L! mL!
N! -L! mL! mL! mL! mL! 9N! -L! -L! mL! mL! mL!
5! -L! [! [! [! [! 95! -L! [! [! [! [!
.! mL! -L! -L! -L! mL! 9.! -L! mL! -L! mL! mL!
0D! -L! -L! -L! -L! -L! /D! -L! -L! -L! mL! -L!
00! mL! -L! mL! mL! mL! /0! mL! mL! -L! -L! mL!
09! -L! -L! mL! mL! -L! /9! -L! mL! -L! -L! -L!
0/! -L! -L! mL! -L! mL! //! -L! mL! mL! mL! -L!
0K! -L! -L! -L! mL! mL! /K! mL! -L! -L! -L! -L!
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A;B=);(!9!I72$3&O!
G=#8! I>>;&! E! G! 4! H! I! G=#8! I>>;&! E! G! 4! H! I!
0!
0L! mL! -L! mL! -L! -L!
9!
/L! mL! [! [! [! [!
0M! -L! mL! -L! -L! mL! /M! mL! mL! mL! mL! mL!
0N! mL! mL! -L! -L! -L! /N! mL! mL! -L! mL! -L!
05! mL! [! [! [! [! /5! -L! -L! -L! -L! mL!
0.! mL! mL! mL! -L! mL! /.! -L! -L! mL! -L! -L!
9D! mL! mL! -L! mL! mL! KD! mL! -L! mL! mL! -L!
 
#
;&B#C,$%:.!.#."$"0."0?/!.#5!.#)A./%"$".#
<&7!(*(%=7&7!73(3$73$12&7!-*3!C3C!&EE&@32C&7!()&@!%&!%-6$@$&%!,3(365(./$@7!.%27!I,3(3$73$@(%!45(./$@7!
0-5.>+!W?+!f,?O>!<(!5C.-*7&!i!@(%@2%C&!B(*7!@&33&!&D.C5$&*@&!C3($3!%(!@5-$77(*@&!B&!8&#%02-%:"03$>!!
Lorsque l’effet d’un facteur &73! 7$6*$E$@(3$E+! &3! 12&! @&3! &EE&3! &73! .-7$3$E+! %(! 5C.-*7&! (26#&*3&! H!
#&725&!12&! %&7!*$)&(2D!B2! E(@3&25!(26#&*3&*3>!Si nous limitons l’étude à la détermination des 
&EE&37!B&7! E(@3&257!&3!B&7! $*3&5(@3$-*7!&*35&!B&2D! E(@3&257+! %(! 5C.-*7&!i!&73! 72..-7C&!72$)5&!2*&!
5C65&77$-*!.-%=*-#$(%&!B&!.5&#$&r ordre, dont l’équation est!l!io!([!mΣ($p$!mΣ($Ap$pA!-q!([!&73!%(!
)(%&25!#-=&**&!B&!%(!5C.-*7&+!($!&73!%&!@-&EE$@$&*3!B2!E(@3&25!p$!I&EE&3!.5$*@$.(%`SO!B(*7!2*!.%(*!
E(@3-5$&%!H!Sr!&77($7+!-q!r!5&.5C7&*3&!%&!*-#95&!B&!E(@3&257!3&73C7!IB(*7!@&33&!C32B&!roNO>!($A!&73!%&!
coefficient de l’interaction!&*35&!%&7!B&2D!E(@3&257!p$pA!(interaction d’effet/2).!<&7!&73$#(3$-*7!B&!
@&7!@-&EE$@$&*37!7-*3!@(%@2%C&7!.(5!(..5-D$#(3$-*!B&7!#-$*B5&7!@(55C7!I8-D!!"#$%&+!LM\UO>!'(*7!%&!
.%(*!SNGL+!LQ!&EE&37!7-*3!&73$#C7!l!%&!3&5#&!@-*73(*3!([+!%&7!&EE&37!.5$*@$.(2D!B&7!E(@3&257!?+!8+!0+!'+!
&3!"+!($*7$!12&!%&7!$*3&5(@3$-*7!B&!B&65C!L!?8+!?0+!?'+!?"+!80+!8'+!8"+!0'+!0"!&3!'">!
!
<(!)(5$(*@&!&D.C5$#&*3(%&!&73!23$%$7C&!.-25!@(%@2%&5! %&7!C@(53G3=.&7!B&7!&EE&37!B&7! E(@3&257!&3!B&7!
$*3&5(@3$-*7! .5C@CB&##&*3! BC3($%%C7+! 12$! 7-*3! B-*@! 3-27! C6(2D>!0&7! C@(53G3=.&7! E-25*$77&*3! B&7!
73(3$73$12&7!3!B&!,32B&*3!&3! %&7!.5-9(9$%$3C7!@-55&7.-*B(*3&7+! $*B$12(*3!%(!7$6*$E$@(3$-*!B&7!&EE&37>!
'&7!7$6*&7!ImO!&3!I-O!7-*3!(EE&@3C7!(2D!.5$*@$.(2D!&EE&37!&3! $*3&5actions d’effets, selon qu’ils sont 
.-7$3$E7!-2!*C6(3$E7>!0&2DG@$!7-*3!$*@%27!B(*7!%(!5C65&77$-*!.-25!@(%@2%&5!%(!5C.-*7&!i!#(D$#(%&!
.5CB$3&!I8-D!!"#$%&+!LM\UO>!!
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;&D#E)A2$)$"0-,#5!.#:$-/)".#
<&7!=(-2537!-*3!C3C!E(95$12C7!H!.(53$5!B&!%($3!B&#$GC@5C#C!.(73&25$7C!(BB$3$-**C!B&!.-2B5&!B&!%($3!
C@5C#C!Ic!jO!I<($3!&*!.-2B5&!C@5C#C+!0(7$*-+!g5(*@&O!&3!B&!3&$*325&!B&!3-25*&7-%!(6 ‰) (RAL, 
a(53$%%(@+!g5(*@&O>!0&!%($3!72..%C#&*3C!(!C3C!5C.(53$!&*!B&2D!%-37!de 500 ml, et l’un des deux a été 
(BB$3$-**C! &*! 7(@@/(5-7&! L[! j! I,2@5&! &*! .-2B5&+! 0(55&E-25+! g5(*@&O! .-25! %&7! &77($7!
@-55&7.-*B(*37!(2D!=(-2537!72@5C7>!<&7!B&2D! %-37! I72@5C+!*-*!72@5CO!-*3!&*72$3&!C3C!@/(2EEC7!V[!
#$*!H!UNh0+!.2$7!refroidis rapidement à 45°C avant d’être inoculés avec des ferments lactiques 
@-##&5@$(2D!IE&5#&*37!%=-./$%$7C7!.-25!=(-253!95(77C+!X(3G?%$+!X(*3&7+!g5(*@&O+!@-#.5&*(*3!%&7!
&7.Y@&7!1&# "*!)+-2*0%/.!&3!'(&#(/%7$)03/.>!<&7! %($37+!*(325&7!&3!72@5C7+!-*3!&*72$3&!C3C!5C.(53$7!B(*7!
B&7!.-37!B&!L[[!#%!@-55&7.-*B(*37!(2D!B$EEC5&*37!&77($7!H!5($7-*!B&!S\+!SU+N!-2!V[!#%!&*!E-*@3$-*!
B2!)-%2#&!B&!@2%325&!(A-23C!.(5! %(!72$3&!&3!7(@/(*3!12&!%&!)-%2#&!E$*(%!C3($3!B&!V[!#%>!,&%-*!%(!
@-#9$*($7-*! B&! E(@3&257! (77-@$C&! H! @/(12&! &77($+! '(&# *$)(0,!,.0.! T>WM>V>LX.! &3`-2!
'(&#)*$+,-./.!T>0U>V>LP+!.5C.(5C7!H!2*&!@-*@&*35(3$-*!B&!L[U!fg0`#%!B(*7!B2! %($3+!-*3!C3C!-2!
*-*! $*-@2%C7! B(*7! %&7! .-37! H! 2*&! @-*@&*35(3$-*! B&! N>L[Q!fg0`#%! I&77($7O! -2! S+N>L[Q!fg0`#%!
I.-$*37!@&*35(2DO>!<(!E&5#&*3(3$-*!(!&*72$3&!C3C!#&*C&!B25(*3!V+!c+N!-2!Q!/&25&7!&*!E-*@3$-*!B&!%(!
@-#9$*($7-*!B&!)(%&257!(335$92C&!H!@/(12&!&77($>!?.5Y7!5&E5-$B$77&#&*3!H!L[h0+! %&7! =(-2537!-*3!
C3C! @-*3(#$*C7! &*! 725E(@&! .(5! L[[+! N[[!-2! L[[[! @&%%2%&7! B&8&# %02-%:"03$+! .2$7! 73-@rC7! .&*B(*3! Q!
7&#($*&7! H! L[h0>! R(5(%%Y%&#&*3+! @&7!#F#&7! 12(*3$3C7! B&!8&# %02-%:"03$! -*3! C3C! BC.-7C&7! 725! B&7!
#$%$&2D!6C%-7C7!i"40!$*@29C7!H!L[h0!&3!SNh0!.-25!@-*35s%&5! %(!)$(9$%$3C!&3! %(!@5-$77(*@&!B&! %(!
%&)25&>!!
 
#;&F#G."0+$"0-,#5!#%$#3)-0..$,3!#5!#8&#%02-%:"03$#H#%$#./)>$3!#5!.#:$-/)".#
<(!@5-$77(*@&!B&!%(!%&)25&!(!C3C!72$)$&!)$72&%%&#&*3!@/(12&!7&#($*&!.&*B(*3!%&7!7$D!7&#($*&7!B&!
73-@r(6&>!?!%(!E$*!B&!@&33&!.C5$-B&+!@/(12&!=(-253!IV[!6O!(!C3C!B$%ué au dixième dans 270 ml d’eau 
.&.3-*C&! 73C5$%&! I[+L!jO! B(*7! 2*! 7(@! 73-#(@/&5! Ig$7/&5! ,@$&*3$E$@+! P%%r$5@/+! g5(*@&O+! .2$7! @&33&!
.5C.(5(3$-*! (! C3C! /-#-6C*C$7C&! .&*B(*3! L! #$*23&! I,3-#(@/&5t! a$D! L+! ?",! <(9-5(3-$5&+!
0-#9-256+!g5(*@&O>!f*&! 7C5$&!B&!B$%23$-*7!(2!B$D$Y#&!(! &*72$3&! C3C! &EE&@32C&!H!.(53$5!B&! @&33&!
727.&*7$-*>!0&*3!#$@5-%$35&7!B&!@/(@2*&!B&7!B$%23$-*7!IL[GL!H!L[G\O!-*3!C3C!&*7&#&*@C7!&*!B2.%$@(3!
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725!2*!#$%$&2!6C%-7C!i"40>!<(!%&)25&!(!C3C!C*2#C5C&!(.5Y7!cU!/&25&7!d’incubation H!SNh0>!<&!
7&2$%!B&!BC3&@3$-*!C3($3!B&!L[[!fg0`6!7-$3!B&!S!%-6L[!fg0`6>!
!
;&I#JA)0>03$"0-,#5!#%$#3)-0..$,3!#5!.#.-/3*!.#($3"A)0!,,!.#
<&7! C*2#C5(3$-*7! 9(@3C5$&**&7! -*3! C3C! 5C(%$7C&7! 725! B&7! #$%$&2D! 7.C@$E$12&7! (BB$3$-**C7!
d’amphotéricine B IN+Q!#6`%O!I,$6#(G?%B5$@/+!,($*3Gu2&*3$*!g(%%()$&5+!g5(*@&O+!()&@!%&7!B$%23$-*7!
5C(%$7C&7!.-25!@/(12&!=(-253>!<&7!%(@3-9(@$%%&7!-*3!C3C!C*2#C5C7!725!#$%$&2!a^,!(@$B$E$C!H!.J!N>N!
I^(*B(KK-!!"#$%&+!S[[SO+!%( 7-2@/&!(*3$E-*6$12&!725!#$%$&2!<?aW?8!IJ(53&#$*r!!"#$%&+!LMM\O+!&3!
1&#"*!)+-2*0%/.!725!#$%$&2!aL\!(BB$3$-**C!B&![+N!j!!B&!%(@3-7&!In(9(7@-!!"#$%&+!S[[\!]!?7/5(E!(*B!
,/(/+!S[LLO>!
!
/,!O<>(=3;3>!
B&<#G))!/)#)A.05/!%%!#!"#$,$%:.!#."$"0."0?/!##
?2! *$)&(2! 73(3$73$12&+! il n’a pas été possible de! faire de test d’ajustement -2! B&! .5C@$7&5! %(!
B$5&@3$-*!B&!%(!.%27!65(*B&!.&*3&!@(5!%&!.-$*3!@&*35(%!(!B-**C!%&7!#F#&7!)(%&257!.-25!%&7!U!&77($7!
@-55&7.-*B(*37>!R%27!.5C@$7C#&*3+!(2@2*&!@5-$77(*@&!B&!8&#%02-%:"03$!n’a été -97&5)C&!725!%&7!&77($7!
@-55&7.-*B(*37!(2D!.-$*37!@&*35(2D>!!
Par contre, le fait de travailler sur 2 journées n’a pas eu d’incidence sur les résultats (effet bloc 
*-*!7$6*$E$@(3$EO>!
+
B&;#C3050>03$"0-,#!"#3)-0..$,3!#5!.#($3"A)0!.#%$3"0?/!.#
<&!.J!(!C3C!BC3&5#$*C!B(*7!B&7!=(-2537!()&@!%&7!E&5#&*37!%(@3$12&7!2*$12&#&*3+!#($7!.&5#&3!2*&!
@-#.(5($7-*!B&7!.J!(.5Y7!V!/&25&7!&3!(.5Y7!Q!/&25&7!B&!E&5#&*3(3$-*+!B(*7!B&7!=(-2537!*(325&7!&3!
72@5C7>! <&! .J! C3($3! 7$#$%($5&! &*35&! =(-2537! *(325&7! &3! 72@5C7+! (.5Y7! V! /&25&7! &3! Q! /&25&7! B&!
E&5#&*3(3$-*+!&3!%(!B$EEC5&*@&!B&!.J!(.5Y7!V!/&25&7!&3!Q!/&25&7!B&!E&5#&*3(3$-*!C3($3!B&![+Q!2*$3C7!
B&!.J!Ig$625&!LO>!
!
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 P&%(7)! 0,! ")-%23$-*! B2! .J! .&*B(*3! %(! E&5#&*3(3$-*! H! cSh0! B&! %($3! *(325&! &3!
72@5C!IL[!j!B&!7(@@/(5-7&O!&*7&#&*@C!()&@!'(&#(/%7$)03/.#&3#1&#"*!)+-2*0%/.>!
!
<&7! @-*@&*35(3$-*7! B&7! 7-2@/&7! (*3(6-*$73&7!-*3! C3C! C)(%2C&7! (.5Y7! 7$D! 7&#($*&7! B&! 73-@r(6&!H!
L[h0>! '(*7! 3-27! %&7! =(-2537! 72..%C#&*3C7+! %&7! 7-2@/&7! (*3(6-*$73&7! 7&! 7-*3! BC)&%-..C&7>! <(!
@-*@&*35(3$-*!B&!'(&#*$)(0,!,.0.!T>WM>V>LX.!C3($3!@-#.5$7&!&*35&!Q+M!I&77($!LO!&3!U+Q!%-6L[!fg0`6!
I&77($! L\O+! &3! @&%%&! B&! '(&# )*$+,-./.! T>0U>V>LP! &*35&! U+V! I&77($7! S+! V+! \+! LS+! LU+! SN! &3! VVO! &3!
M+[!%-6L[!fg0`6! I&77($! VMO>! <(! @-*@&*35(3$-*! E$*(%&! B&! '(&# (/%7$)03/.! B(*7! %&7! =(-2537! *-*!
72..%C#&*3C7!par l’une et/ou l’autre des souches antagonistes C3($3!@-#.5$7&!&*35&!Q+[!I&77($!SSO!
&3!Q+M! %-6L[!UFC/g (essais 9 et 14) mais n’(!.(7!.2!F35&!C)(%2C&!B(*7! %&7!=(-2537! 72..%C#&*3C7!
avec l’une ou l’autre des souches antagonistes. 1&#"*!)+-2*0%/.!(!C3C!BC*-#95C!B(*7!3-27!%&7!&77($7!
H!2*&!@-*@&*35(3$-*!@-#.5$7&!&*35&!Q+[!I&77($7!Lc!&3!VUO!&3!U+L!%-6L[!fg0`6!I&77($!cO!In(9%&(2!VO>!
!
!
!
!
!
!
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A;B=);(!/,!0-*@&*35(3$-*7!B&7!7-2@/&7!9(@3C5$&**&7!IE&5#&*37!&3!7-2@/&7!(*3(6-*$73&7O!B(*7!%&7!=(-2537!(.5Y7!7$D!7&#($*&7!
B&! 73-@r(6&! H! L[h0>! 0/(12&! =(-253! I&77($O! &73! (77-@$C! H! 2*&! @-#9$*($7-*! B&! )(%&257! I-L+! [+! mLO! B&7! N! E(@3&257! ?!
I7(@@/(5-7&O+! 8! I'(&# *$)(0,!,.0.! T>WM>V>LX.O+! 0! I'(&# )*$+,-./.! T>0U>V>LPO+! '! IB25C&! B&! E&5#&*3(3$-*O! &3! "! I3(2D! B&!
@-*3(#$*(3$-*O>!
P;83)(7>! ! 4#$8)$37;3&#$!Q=#%0D!RP4S%T!
! ! ! !
E! G! 4! H! I!
+
20+#,/-1$3,'()*+ !%0+%)(4"-'&)*+
!%0+,"-%'./.*'*+
+,-.,/,012+
!%0+-,"1.$*)*+
+,45,/,0U80+
G=#8! 0! I>>;&! 0! mL! mL! mL! mL! -L! ! \+U! v!\†! Q+M! U+N!
9! -L! [! [! [! [! ! \+Q! v!\! \+Q! U+V!
/! -L! mL! mL! -L! -L! ! \+M! v!\! \+\! U+V!
K! mL! [! [! [! [! ! U+L! v!\! \+c! U+c!
L! mL! -L! -L! mL! -L! ! \+N! Q+Q! !
M! -L! mL! -L! mL! -L! ! Q+c! v!\! U+L!
N! -L! mL! mL! mL! mL! ! \+c! v!\! \+N! U+V!
5! -L! [! [! [! [! ! \+V! v!\! \+N! U+S!
.! mL! -L! -L! -L! mL! ! \+N! Q+M! !
0D! -L! -L! -L! -L! -L! ! \+S! *B‡! !
00! mL! -L! mL! mL! mL! ! \+L! v!\! ! U+N!
09! -L! -L! mL! mL! -L! ! \+S! v!\! ! U+V!
0/! -L! -L! mL! -L! mL! ! Q+Q! v!\! ! U+N!
0K! -L! -L! -L! mL! mL! ! Q+[! Q+M! !
0L! mL! -L! mL! -L! -L! ! Q+U! v!\! ! U+U!
0M! -L! mL! -L! -L! mL! ! \+V! v!\! U+V!
0N! mL! mL! -L! -L! -L! ! Q+U! v!\! U+Q!
05! mL! [! [! [! [! ! \+N! v!\! \+N! U+V!
0.! mL! mL! mL! -L! mL! ! \+S! v!\! U+[! U+Q!
9D! mL! mL! -L! mL! mL! ! Q+U! v!\! U+L!
G=#8! 9! I>>;&! 90! mL! [! [! [! [! ! U+[! v!\! \+V! U+Q!
99! mL! -L! -L! mL! mL! ! Q+U! Q+[! !
9/! mL! mL! mL! -L! -L! ! \+N! v!\! \+U! U+Q!
9K! mL! -L! mL! -L! mL! ! \+c! v!\! ! U+\!
9L! -L! [! [! [! [! ! \+c! v!\! \+V! U+V!
9M! -L! mL! mL! -L! mL! ! \+U! v!\! U+[! U+N!
9N! -L! -L! mL! mL! mL! ! \+V! v!\! ! U+U!
95! -L! [! [! [! [! ! U+[! v!\! \+S! U+c!
9.! -L! mL! -L! mL! mL! ! Q+U! v!\! U+L!
/D! -L! -L! -L! mL! -L! ! \+[! Q+N! !
/0! mL! mL! -L! -L! mL! ! \+S! v!\! U+V!
/9! -L! mL! -L! -L! -L! ! \+U! v!\! U+V!
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A;B=);(!/!I72$3&O!
P;83)(7>! ! 4#$8)$37;3&#$!Q=#%0D!RP4S%T!
! ! ! !
E! G! 4! H! I! ! 20+#,/-1$3,'()*! !%0+%)(4"-'&)*!
!%0+,"-%'./.*'*+
+,-.,/,012!
!%0+-,"1.$*)*+
+,45,/,0U80!
G=#8! 9! I>>;&! //! -L! mL! mL! mL! -L! ! \+N! v!\! \+V! U+V!
/K! mL! -L! -L! -L! -L! ! Q+V! Q+c! !
/L! mL! [! [! [! [! ! \+N! v!\! \+V! U+c!
/M! mL! mL! mL! mL! mL! ! \+L! v!\! \+S! U+Q!
/N! mL! mL! -L! mL! -L! ! Q+\! v!\! U+L!
/5! -L! -L! -L! -L! mL! ! Q+[! Q+N! !
/.! -L! -L! mL! -L! -L! ! \+L! v!\! ! M+[!
KD! mL! -L! mL! mL! -L! ! \+\! v!\! ! U+U!
†!<(!#C3/-B&!23$%$7C&!*&!.&5#&33($3!.(7!B&!BC*-#95&5!'(&#(/%7$)03/.!B(*7!%&7!=(-2537!72..%C#&*3C7!()&@!'(&#*$)(0,!,.0.!T>WM>V>LX.!&3`-2!
'(&#)*$+,-./.!T>0U>V>LP>!
‡ !X-*!BC3&5#$*C&>!
!
B&B#G>>!"#5!.#>$3"!/).#./)#%$#3)-0..$,3!#5!#8&#%02-%:"03$#
<&7! -97&5)(3$-*7! )$72&%%&7! (.5Y7! 7$D! 7&#($*&7! B&! 73-@r(6&! H! L[h0+! @-55C%C&7! (2D! B-**C&7! B&7!
@-#9$*($7-*7!B&!E(@3&257+!-*3!#-*35C!12&!8&# %02-%:"03$!s’C3($3!BC)&%-..C!H!%(!725E(@&!B&7!=(-2537!
*-*!&*7&#&*@C7!()&@!'(&#*$)(0,!,.0.!T>WM>V>LX.>!?2!@-*35($5&+!(2@2*&!@5-$77(*@&!B&!8&#%02-%:"03$!
n’a été détectée dans les yaourts &*7&#&*@C7!()&@!'(&# *$)(0,!,.0.!T>WM>V>LX., à l’exception de 
l’essai! VQ! I.5C7&*@&! B&! 7(@@/(5-7&+! .5C7&*@&! B&! '(&# *$)(0,!,.0.! T>WM>V>LX.+! .5C7&*@&! B&!
'(&#)*$+,-./.!T>0U>V>LP+!E&5#&*3(3$-*!B&!Q!/&25&7+!L[[[!fg0!B&!8&# %02-%:"03$O+!-q!8&# %02-%:"03$!(!
(33&$*3!2*&!.-.2%(3$-*!B&!V+c!%-6L[!fg0`6!In(9%&(2!cO>!!
!
L’analyse statistique a révélé que '(&#*$)(0,!,.0.!T>WM>V>LX.!&73!%&!7&2%!E(@3&25!5&7.-*7(9%&!B&!%(!
)(5$(*@&!B&7!5C72%3(37>!R%27!&D(@3&#&*3+!7&2%!'(&#*$)(0,!,.0.!T>WM>V>LX.!(!&2!2*!&EE&3! $*/$9$3&25!
7$6*$E$@(3$E!725!%(!@5-$77(*@&!B&!8&#%02-%:"03$. Inversement, aucun des autres facteurs testés n’avait 
d’effet significatif (Figure 2).!
!
!
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A;B=);(!K,!0-*@&*35(3$-*!B&!8&#%02-%:"03$!B(*7!3-27!%&7!&77($7!IL!H!c[O+!&D.5$#C&!&*!
%-6L[!fg0`6>!0/(12&!&77($!&73!(77-@$C!H!2*&!@-#9$*($7-*!B&!)(%&257!I-L+![+!mLO!B&7!
N! E(@3&257! ?! I7(@@/(5-7&O+! 8! I'(&# *$)(0,!,.0.! T>WM>V>LX.O+! 0! I'(&# )*$+,-./.!
T>0U>V>LPO+!'!IB25C&!B&!E&5#&*3(3$-*O!&3!"!I3(2D!B&!@-*3(#$*(3$-*O>!!
P;83)(7>! 50+('3$(6#'&"+
Q=#%0D!RP4S%T!E! G! 4! H! I!
G=#8! 0! I>>;&! 0! mL! mL! mL! mL! -L! v!S†!
9! -L! [! [! [! [! v!S!
/! -L! mL! mL! -L! -L! v!S!
K! mL! [! [! [! [! v!S!
L! mL! -L! -L! mL! -L! \+U!
M! -L! mL! -L! mL! -L! v!S!
N! -L! mL! mL! mL! mL! v!S!
5! -L! [! [! [! [! v!S!
.! mL! -L! -L! -L! mL! \+M!
0D! -L! -L! -L! -L! -L! U+V!
00! mL! -L! mL! mL! mL! Q+N!
09! -L! -L! mL! mL! -L! \!
0/! -L! -L! mL! -L! mL! \+Q!
0K! -L! -L! -L! mL! mL! \+Q!
0L! mL! -L! mL! -L! -L! \+V!
0M! -L! mL! -L! -L! mL! v!S!
0N! mL! mL! -L! -L! -L! v!S!
05! mL! [! [! [! [! v!S!
0.! mL! mL! mL! -L! mL! v!S!
9D! mL! mL! -L! mL! mL! v!S!
G=#8! 9! I>>;&! 90! mL! [! [! [! [! v!S!
99! mL! -L! -L! mL! mL! U!
9/! mL! mL! mL! -L! -L! v!S!
9K! mL! -L! mL! -L! mL! \+S!
9L! -L! [! [! [! [! v!S!
9M! -L! mL! mL! -L! mL! v!S!
9N! -L! -L! mL! mL! mL! \+M!
95! -L! [! [! [! [! v!S!
9.! -L! mL! -L! mL! mL! v!S!
/D! -L! -L! -L! mL! -L! U+N!
/0! mL! mL! -L! -L! mL! v!S!
! /9! -L! mL! -L! -L! -L! v!S!
//! -L! mL! mL! mL! -L! v!S!
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A;B=);(!K!I72$3&O!
P;83)(7>! 50+('3$(6#'&"+
Q=#%0D!RP4S%T+E! G! 4! H! I!
G=#8! 9! I>>;&! /K! mL! -L! -L! -L! -L! \+M!
/L! mL! [! [! [! [! v!S!
! /M! mL! mL! mL! mL! mL! V+c!
/N! mL! mL! -L! mL! -L! v!S!
/5! -L! -L! -L! -L! mL! U+S!
/.! -L! -L! mL! -L! -L! U+L!
KD! mL! -L! mL! mL! -L! Q+U!
†!f*&!@-*@&*35(3$-*!v!S!%-6L[!fg0`6!7$6*$E$&!12&!%(!.-.2%(3$-*!B&#8&# %02-%:"03$!C3($3!7-27!%&!
7&2$%!B&!BC3&@3$-*!B&!%(!#C3/-B&!B&!BC*-#95&#&*3!23$%$7C&>!
!
0 2 4 6 8 10
!
!"
#!
"
!$
!%
"%
#
$%
#%
#$
$
%
#"
"$
 
P&%(7)! 9,! '$(65(##&! B&! R(5&3-! 5&.5C7&*3(nt l’effet standardisé des différents facteurs et différentes 
$*3&5(@3$-*7! B&! E(@3&257! 725! %(! @5-$77(*@&! B&! 8&# %02-%:"03$>! ?+! E(@3&25! 72@5&!]! 8+! E(@3&25! '(&# *$)(0,!,.0.!
T>WM>V>LX.!+!0+! E(@3&25!'(&# )*$+,-./.!T>0U>V>LP!]!'+! E(@3&25! B25C&! B&! E&5#&*3(3$-*!]!"+! E(@3&25! 3(2D! B&!
contamination. La ligne bleue indique le seuil à partir duquel l’effet est significatif. L’échelle des abscisses 
représente l’effet centré réduit (en valeur absolue) de chaque facteur et des interactions d’ordre 1.!
!
La modélisation de l’efE&3! *C6(3$E! B2! E(@3&25! '(&# *$)(0,!,.0.! T>WM>V>LX.! 725! %(! @5-$77(*@&! B&!
8&#%02-%:"03$!montre qu’il est &D35F#&#&*3! 7$6*$E$@(3$E! Ig$625&! VO>! Z*! )-$3! 12&! %(! @5-$77(*@&! B&!
8&#%02-%:"03$!diminue parallèlement à l’augmentation B2! *$)&(2! B2! E(@3&25! I%$C! H! %(! .5C7&*@&! B&!
'(&#*$)(0,!,.0.!T>WM>V>LX.O>!?2!*$)&(2!-L!I(97&*@&!B&!'(&#*$)(0,!,.0.!T>WM>V>LX.O+!%(!@5-$77(*@&!
B&!8&#%02-%:"03$!&73!E-53&+!(2!*$)&(2!mL!I.5C7&*@&!B&!'(&#*$)(0,!,.0.!T>WM>V>LX.O+!7(!@5-$77(*@&!&73!
*2%%&!-2!12(7$#&*3!*2%%&>!!
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!P&%(7)!/,!a-BC%$7(3$on de l’effet principal B2!E(@3&25!8!I'(&#*$)(0,!,.0.!T>WM>V>LX.O!725!%(!@5-$77(*@&!B&!
8&#%02-%:"03$>!
!
"*! #-=&**&+! %(! @-*@&*35(3$-*! B&! 8&# %02-%:"03$! sur l’ensemble de l’expérience est égale à 
c+V!%-6L[fg0`6! I([O! ()&@! 2*! @-&EE$@$&*3! B&! )(5$(3$-*! C6(%! H! I[+Scc`c+VO! j>! <&7! )(%&257! B&7!
@-&EE$@$&*37!B&7!E(@3&257!?+!8+!0+!'!&3!"!7-*3!5&7.&@3$)&#&*3!-[+[Q+!-9VN5NL+!-[+LV\N+!-[+[VLSN!
&3![+[LU\N>!g$*(%&#&*3+!%’équation du modèle ajusté aux données+!&3!5CB2$3&!(2D!&EE&37!.5$*@$.(2D!
(les termes d’interaction étant non!7$6*$E$@(3$E7O!&73!B-*@!l!i!I%-6L[!fg0`6O!o!c+V!-9VN5NL!´!8+!%&!
E(@3&25!8!.-2)(*3!.5&*B5&!%&7!)(%&257!-L!&3!mL>!!
!
<(!@5-$77(*@&!B&!8&#%02-%:"03$!n’a .(7!C3C!$*E%2&*@C&!7$6*$E$@(3$)&#&*3!.(5!'(&#)*$+,-./.!T>0U>V>LP!
-2!.(5!2*&!$*3&5(@3$-*!&*35&!'(&#)*$+,-./.!K.C8.3.1I et l’un ou l’autre des facteurs testés. ?$*7$+!$%!
n’y a pas d’effet de synergie visible &*35&!@&7!B&2D!7-2@/&7!B(*7! %(! 5C.-*7&!C32B$C&>!'&!#F#&+!
(2@2*! B&7! E(@3&257! 3&73C7! n’a &*35(b*C! d’interacti-*! 7$6*$E$@(3$)&! I.-7$3$)&! -2! *C6(3$)&O! 725!
l’act$)$3C!(*3(6-*$73&!&D&5@C&!.(5!'(&#*$)(0,!,.0.!T>WM>V>LX.!725!8&#%02-%:"03$>!!
!
K,!H&>8(>>&#$!!
'(*7! 2*!#-BY%&! =(-253+! B&2D! 7-2@/&7! B&! %(@3-9(@$%%&7! .5C7&*3(*3! 2*! &EE&3! .5-3&@3&25! .-3&*3$&%!
.-25! @&! 3=.&! B&! .5-B2$3! -*3! C3C! 7C%&@3$-**C&7>! Dans l’étude précédent&! I0/(.$35&! PPPO+!
'(&#*$)(0,!,.0.! T>WM>V>LX.! $*/$9($3! @-#.%Y3&#&*3! 8&# %02-%:"03$+! 3(*B$7! 12&! '(&# )*$+,-./.!
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T>0U>V>LP!n’()($3!#-*35C!qu’2*&! E($9%&! (@3$)$3C>!L’objectif de cette étude a été d’évaluer l’effet 
#-B2%(3&25!B&!E(@3&257!3&@/*-%-6$12&7+!7&2%7!-2!&*!$*3&5(@3$-*7+!725!%(!@5-$77(*@&!B&!8&#%02-%:"03$+!
et par conséquent sur l’activité (*3$E-*6$12&!B&7!B&2D!7-2@/&7!7C%&@3$-**C&7>!
L’addition de 7(@@/(5-7&! -2! %&! 3&#.7! B&! E&5#&*3(3$-*! 7-*3! B&7! .(5(#Y35&7! 3&@/*-%-6$12&7!
727@&.3$9%&7!B&!)(5$&5!&*!E-*@3$-*!B2!3=.&!B&!=(-253!BC7$5C>!Z5+!2*&!@-*@&*35(3$-*!&*!7(@@/(5-7&!
de 10 % abaisse significativement l’activité de l’eau!&3!.&23!(EE&@3&5!*C6(3$)&#&*3!%(!@5-$77(*@&!&3!
l’(@3$)$3C!(@$B$E$(*3&!B&7!E&5#&*37!%(@3$12&7!IW$*B&5-%(!!"#$%&+!S[[S!]!8C(%!(*B!,-B$*$+!S[[VO>!'(*7!
*-35&!C32B&+!2*&!72..%C#&*3(3$-*!B&!L[!j!&*!7(@@/(5-7&!n’a eu aucune incidence sur la cinétique 
d’acidification des ferments lactiques pendant la fermentation. D’autre part, les populations des 
E&5#&*37! %(@3$12&7!&3!B&7!7-2@/&7!(*3$E-*6$12&7!C3($&*3! $B&*3$12&7!(.5Y7! %(!.C5$-B&!B&! 73-@r(6&+!
()&@!-2!7(*7!(A-23!B&!7(@@/(5-7&>!Enfin, cette supplémentation n’a pas eu d’effet significatif sur 
l’activité antifongique de '(>! *$)(0,!,.0.! T>WM>V>LX.>! 0&33&! B-**C&! .&23! .5C7&*3&5! 2*! $*3C5F3!
$*B2735$&%!B(*7! %(!#$7&!en œuvre de '(>!*$)(0,!,.0.!T>WM>V>LX.!@(5! %&! 7(@@/(5-7&+! (2! @-257!B2!
.5-@CBC!B&! E(95$@(3$-*+!.-255($3! F35&!(A-23C!&*!2*&! 7&2%&! E-$7!()(*3! E&5#&*3(3$-*! 7(*7!.&53259&5!
l’activité antifongique de la souche. D’après les analyses statistiques, l’addition de 7(@@/(5-7&!n’a 
pas eu non plus d’influence sur la croissance de 8&#%02-%:"03$>!Cette levure est incapable d’utiliser le 
7(@@/(5-7&#car elle ne possède pas d’invertase! Ia-&%%&5!!"#$%&+!S[LLO>!Z*!.&23!7&!B&#(*B&5!12&%!
aurait été l’effet d’un tel ajout sur d’autres champignons capables de l’assimiler facilement comme 
source de carbone et d’énergie et si ce paramètre aurait eu un impact sur le pouvoir antagoniste 
B&!'(>!*$)(0,!,.0.!K.V9.3.1Np. On peut également faire l’hypothèse que, pour des champignons 
#-$*7! DCrotolérants, l’addition de saccharose 5&*E-5@&5($3! l’effet antifongique d’une souche 
.5-3&@35$@&>!!
<(! 5CB2@3$-*!B2! 3&#.7!B&! fermentation n’a pas affecté l’activité antifongique de '(&# *$)(0,!,.0.!
T>WM>V>LX.>! P%! 7&5($3! $*3C5&77(*3! B&! @-**(b35&! H! 12&%! 73(B&! B&! %(! @5-$77(*@&! 7-*3! .5-B2$3&7! %&7!
molécules impliquées dans l’inhibition et si la température de stockage (!C6(%&#&*3!2*!&EE&3!725!%(!
.5-B2@3$-*! B&! @&7! #C3(9-%$3&7>! R(5! &D&#.%&+! ^-27&! !"# $%&! IS[[UO! ont montré que l’activité 
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(*3$E-*6$12&!B&!'(&#2%$,"$)/+!0aU!725!#$%$&2!6C%-7C!C3($3!.%27!$#.-53(*3&!H!SN!-2!H!V[°C qu’à 
SLh0+!(%-57!12&!%(!@5-$77(*@&!C3($3!$B&*3$12&>!!!
'(*7!@&53($*7!.5-B2$37!E&5#&*3C7+!$%!&73!$#.C5(3$E!12&!%&7!7-2@/&7!9$-Gprotectrices n’&D&5@&*3!.(7!
d’effet antagoniste sur les ferments utili7C7+!(2!5$712&!B’avoir un effet délétère sur le processus de 
E&5#&*3(3$-*!&3`-2!B&!BC3C5$-5&5!%&7!12(%$3C7!-56(*-%&.3$12&7!B2!.5-B2$3!I4w%)&K!!"#$%&+!S[[\O>!P%!(!
C3C! #-*35C+! .(5! &D&#.%&+! 12&! B&7! 9(@3C5$&7! %(@3$12&7! .5-B2@35$@&7! B&! 9(@3C5$-@$*&7! C3($&*3!
@(.ables d’inhiber partiellement des ferments commerciaux, les bactéries lactiques thermophiles 
C3(*3!.%27!7&*7$9%&7!12&!%&7!9(@3C5$&7!%(@3$12&7!#C7-./$%&7!IZ2#&5!!"#$%&+!S[[LO>!'(*7!*-35&!C32B&+!
l’activité acidifiante et la croissance des ferments n’ont pas C3C!#-B$E$C&7+!@&!12$!7$6*$E$&5($3!12&!%&!
-2! %&7! #C3(9-%$3&7! (*3$E-*6$12&7! .5-B2$37! .(5! '(&# *$)(0,!,.0.! T>WM>V>LX.! n’ont pas d’effet 
7$6*$E$@(3$E! 725! %(! @5-$77(*@&! des ferments. Il serait néanmoins intéressant de vérifier l’absence 
d’activité antagoniste sur d’autres ferments commerciaux. !
?!7(!.%27!E($9%&!@-*@&*35(3$-*!IQ+M!%-6L[!fg0`6+!@-*35&!2*&!@-*@&*35(3$-*!#(D$#(%&!B&!U+Q!%-6L[!
fg0`6O+! '(&# *$)(0,!,.0.! T>WM>V>LX.! (! &D&5@C! 7-*! (@3$)$3C! (*3(6-*$73&! @-*35&! 8&# %02-%:"03$>! '&!
#F#&+!2*&! $*/$9$3$-*! 3-3(%&!.(5!'(&#*$)(0,!,.0.!T>WM>V>LX.!(!C3C!-97&5)C&+!qu’elle!qu’ait été %(!
@-*@&*35(3$-*!$*$3$(%&!B&8&#%02-%:"03$>!0&@$!#-*35&!12&!'(&#*$)(0,!,.0.!T>WM>V>LX.!.-77YB&!2*!E-53!
&EE&3! .5-3&@3&25!9$&*!12&! %(!#(A&25&!.(53$&!B&7! (%3C5(3$-*7!B(*7! %&7!=(-257! &3! %&7! %($37! E&5#&*3C7!
7-$&*3!%(!5C72%3(*3&!B&!@-*3(#$*(3$-*7!(C5-.-53C&7!$#.%$12(*3!2*!*-#95&!.&2!C%&)C!B&!@&%%2%&7>!
,-*!&EE&3!.-255($3!F35&!$*3C5&77(*3!.-25!C)$3&5!%&7!@-*3(#$*(3$-*7!%$C&7!(2D!#(3$Y5&7!@-*3(#$*C&7+!
&3!*-3(##&*3! (2D!.5C.(5(3$-*7!B&! E52$37+! 3&%7!12&! %&7!#=53$%%&7+! 12$! 7-*3! &D35F#&#&*3! 7&*7$9%&7!
(2D! @-*3(#$*(3$-*7! E-*6$12&7! &3! 12$! 72..-53&*3!#(%! %&7! 35($3&#&*37! 3/&5#$12&7! IR&**&=! !"# $%&+!
S[[cO>!
!
'(&# *$)(0,!,.0.!T>WM>V>LX.! 7&#9%&! B-*@! F35&! 2*&! 7-2@/&! 35Y7! .5-#&33&27&! .-25! 2*&! 23$%$7(3$-*!
B(*7!%(!9$-G.5-3&@3$-*!B2!=(-253!et éventuellement d’autres produits laitiers fermentés>!0&.&*B(*3!
d’autres 35()(2D!B-$)&*3!C6(%&#&*3!F35&!#&*C7!.-25!élucider les mécanismes d’action et vérifier 
7-*!$**-@2$3C>!!
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!
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./=3-.5&7&5)(3$)&7! (*B!*$7$*! 3-! @-*35-%!#$@5-9$(%! 7.-$%(6&!-E!#$*$#(%%=! .5-@&77&B! E52$3!
=-62537>!K,,-4$"04!#M--5#130!,3!#T#G+!)70,7#O!3*,-%-70!.!L+!VQMGV\N>!
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$45.,)')6,7(".3# 1"/4+)')6,7(".# "1# %+1,*,/&)8,"++".3# '".# 8%/1-&,".# '%/1,7(".3# "1# $'(.#
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/)+."&>%1"(&.# /4,*,7(".<# @".# 0"&+,"&.# F.)&8%1"# 0"# $)1%..,(*3# +%1%*5/,+"3# "1/<K3# (1,',.-.# 0%+.#
/"&1%,+.#$&)0(,1.#'%,1,"&.#2"&*"+1-.3#>-4,/('"+1#(+"#*%(>%,."#,*%6"#%($&9.#0".#/)+.)**%1"(&.3#"1#
ont tendance à perdre de leur efficacité en raison de l’augmentation des résistances observées 
/4"M#0"#+)*8&"(C#/4%*$,6+)+.# FE&('#%+0#@))1"3#NOOO#P#Q,'B)"+3#HIINK<#!"#$'(.3# '%# '-6,.'%1,)+#
"(&)$-"++"#1"+0#L#',*,1"&#'"(&#(1,',.%1,)+3#"1#'".#,+0(.1&,"'.#'%,1,"&.#&".1&",6+"+1#0)+/#'"(&#(.%6"#%(#
*%C,*(*<#
Qu’est3.+'%#+')-',&"3."4*+$5-(&"4'2'
?%# 8,);/)+."&>%1,)+# /)+.,.1"# L# %B)(1"&# L# (+# %',*"+1# (+"# /('1(&"# .,*$'"# )(# *,C1"# 0"#
microorganisme(s) ou une molécule purifiée d’origine microbienne en vue d’augmenter sa !?@#
FR)..# +$, "(-3# HIIHK<#@"11"# .1&%1-6,"# 0"# /)+."&>%1,)+# s’applique parfaitement aux produits laitiers 
2"&*"+1-.#$%&#0".#8%/1-&,".# '%/1,7(".3#0)+1#/"&1%,+".#$)..90"+1#0".#$&)$&,-1-.#%+1,*,/&)8,"++".3#
interviennent dans l’acidification et#parfois dans l’affinage3#"1#$&-."+1"+1#(+#,+1-&:1#/)+.,0-&%8'"#
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$)(&#'"(&#8,);/)+."&>%1,)+<#?%#&"/4"&/4"#0"#*,/&))&6%+,.*".#%+tifongiques s’est donc concentrée 
.(&# '".# 8%/1-&,".# '%/1,7(".3# 0)+1# '"# $)1"+1,"'# %+1,2)+6,7("# %# -1-#*,.# "+# "C"&6("#0"$(,.# 7("'7(".#
%++-".#FS/4+T&"&#%+0#G%6+(..)+3#HIIJK<#
!%+.# /"# /)+1"C1"3# '’objectif général du projet était d’obtenir une )(# $'(.,"(&.# .)(/4"F.K# 0"#
8%/1-&,".# '%/1,7(".#(1,',.%8'".#$)(&# '%#8,);/)+."&>%1,)+#0"#$&)0(,1.# '%,1,"&.# 2"&*"+1-.# 1"'.#7("# '".#
'%,1.#2"&*"+1-.3#'".#5%)(&1.#)(#'".#2&)*%6".#2&%,.<#
6+')-&('+*(3&)'#4'$/*+$5"&$'7+',-.(/$&+*')-.(&%#+*'-4(&8"49&%#+*'2'
?"# $),+1# 0"# 0-$%&1# 0"# /"# $&)B"1# %# /)+.,.1-# L# /)+.1,1("&# (+"# ,*$)&1%+1"# /)''"/1,)+# 0"# 8%/1-&,".#
lactiques antifongiques susceptibles d’être compétitives dans (+"#*%1&,/"# '%,1,9&"<#U)(&#/"'%3# '".#
/)')+,".# $&-."+1%+1# (+"# %/1,>,1-# %+1,2)+6,7("# /)+1&"# V# /)+1%*,+%+1.# 2)+6,7(".# F.-, ("#$'*3# /-,
"0%1"("3#2-,3()1&+)*#"1#/-,+43"0*)1K#2&-7("**"+1#&"+/)+1&-.#0%+.#'".#$&)0(,1.#'%,1,"&.#2"&*"+1-.#
)+1# -1-# .5.1-*%1,7("*"+1# ,.)'-".# à partir d’-/4%+1,'')+.# 0"# '%,1# /&(# 0"# >%/4"3# 0"# /49>&"# "1# 0"#
8&"8,.<#@"11"# -1(0"# %# $"&*,.# 0"#*)+1&"&# 7("# '".# -/4%+1,'')+.# 0"# '%,1# /&(# 0"# >%/4"# "1# 0"# /49>&"#
-1%,"+1# 0".# &-."&>),&.# 0"# 8%/1-&,".# '%/1,7(".# %+1,2)+6,7(".3# /)+1&%,&"*"+1# %(# '%,1# 0"# 8&"8,.<# !"#
plus, l’influence significative du milieu d’isolement des bactéries3#de la période d’échantillonnage, 
"1#0(#/4%*$,6+)+#/,8'-#.ur l’activité#%+1,2)+6,7("#"1#.(&#'%#0,>"&.,1-#0".#8%/1-&,".#'%/1,7(".#,.)'-".3#
%#-1-#*,."#"+#->,0"+/"<##
@)**"#,'#%#-1-#*)+1&-#0%+.#'%#',11-&%1(&"#"1#/)+2,&*-#0%+.#/"11"#-1(0"3#'"#*,',"(#0"#/&,8'%6"#%#(+"#
,+2'("+/"#/)+.,0-&%8'"#sur l’activité et la diversi1-#0".#8%/1-&,".#%+1,2)+6,7(".#,.)'-".<#?%#$&-."+/"#
d’inhibiteurs (acétate de sodium, pH acide, température d’incubation, etc.) donnant leur 
sélectivité aux milieux choisis, la diversité des souches capables d’y croître, ainsi que la nature des 
.(8.1&%1.#$&-."+1.#F6'(/)."3#$&)1-,+".3#"1/<K#,+2'("+/"+1#'"#*-1%8)',.*"#8%/1-&,"+#"1#$%&#/)+.-7("+1#
'%#$&)0(/1,)+#0"#*)'-/('".#%+1,2)+6,7(".<##
!%+.#'".#/)+0,1,)+.#1".1-".3#+)(.#%>)+.#&"*%&7(-#7("3#selon l’espèce d’origine F>%/4"3#/49>&"#)(#
8&"8,.K# 0".# -/4%+1,'')+.# 0"# '%,13# '".# $&)$)&1,)+.# 0"# 8%/1-&,".# %+1,2)+6,7(".# $)(>%,"+1# :1&"# 1&9.#
0,22-&"+1".<#W,+.,3#'".#-/4%+1,'')+.#0"#'%,1#0"#8&"8,.#)+1#,+0(,1#(+"#1&9.#2%,8'"#$&)$)&1,)+#FI3J#X#5*#
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H3J#X#"1#N3Y#X#$)(&#'".#>%/4".#"1#'".#/49>&".K#0"#8%/1-&,".#'%/1,7(".#%+1,2)+6,7("s. Bien qu’il soit 
difficile d’apporter une explication définitive à cette différence, le test n’ayant pas été fait dans des 
/)+0,1,)+.#.(22,.%**"+1#.1%+0%&0,.-".3#l’absence d’ensilage dans la ration alimentaire des brebis 
."*8'"# :1&"# (+"# 45$)149."# &%,.)++%8'"# "C$',7(%+1# '%# 2%,8'"# $&)$)&1,)+# 0"# 8%/1-&,".# '%/1,7(".#
%+1,2)+6,7(".# &"1&)(>-".# 0%+.# '"# '%,1# 0"# 8&"8,.<# Z+# "22"1# l’ensilage est une source 0-BL#*,."# "+#
->,0"+/"#0"#8%/1-&,".#'%/1,7(".#%+1,2)+6,7(".#FE&)8"&6#+$,"(-3#HII[#P#\%'%č3!HINNK<##
?".#0)++-".#0(# /&,8'%6"#)+1# -6%'"*"+1# &->-'-#(+"#0,22-&"+/"#0"# ."+.,8,',1-#0".# /,8'".# 2)+6,7(".#
%(C#0,22-&"+1".# .)(/4".#%+1,2)+6,7(".#ainsi qu’une#0-$"+0%+/"#"+1&"# 1%C)+.#8%/1-&,"+.#"1# /,8'".#
2)+6,7(".<#@".# 0-$"+0%+/".# -1%,"+1# 2)&1# $&)8%8'"*"+1# ',-".# L# '%# ."+.,8,',1-# 0".# /,8'".# 2)+6,7(".#
%(C#0,22-&"+1.#%/,0".#$&)0(,1.#$%&#'".#8%/1-&,".#'%/1,7(".#.(,1"#L#'%#2"&*"+1%1,)+#0(#6'(/)."#$&-."+1#
0%+.#'".#*,',"(C#(1,',.-.#F?,+0#+$,"(-3#HIIJK<#/'#6'","0%1"("3#'%#/,8'"#2)+6,7("#'%#$'(.#0,22,/,'"*"+1#
,+4,8-"3#l’étai1#*%B)&,1%,&"*"+1#$%&#0".#.)(/4".#4-1-&)2"&*"+1%,&".#.1&,/1".#%$$%&1"+%+1#%(#6&)($"#
!"#$%&"#'(()*,&)#60+7'<#?".#1".1.#0"#."+.,8,',1-#0".#/4%*$,6+)+.#%(C#%/,0".#F/4%$,1&"#]]]K#*)+1&"+1#
bien l’effet antifongique des acides# '%/1,7("# "1# %/-1,7("3# "1# $'(.# $%&1,/(',9&"*"+1# 0"# l’acide 
%/-1,7("<#]'.#/)+2,&*"+1#-6%'"*"+1#'%#2)&1"#&-.,.1%+/"#0"#/-,"0%1"(",L#/".#%/,0".<#Z+#&">%+/4"3#'%#
2)&1"#."+.,8,',1-#0"#/-,+43"0*)1#)8."&>-"#')&.#0(#/&,8'%6"#n’-1%,1#$%.#(+,7("*"+1#0("#%(C#"22"1.#0".#
%/,0".3# /%&# /-, +43"0*)1# -1%,13# %>"/# /-, "0%1"(", l’une des souches fongiques testées '%# $'(.#
&-.,.1%+1"# %(C# %/,0".# '%/1,7("# "1# %/-1,7(". D’%(1&".# *)'-/('".# %+1%6)+,.1".# -1%,"+1# 0)+/#
$&)8%8'"*"+1#,*$',7(-".<#
^+"#*)0,2,/%1,)+#0"#'%#$&)$)&1,)+#0".#.)(/4".#'%/1,7(".#,+4,8%+1#0".#/4%*$,6+)+.#$%&1,/(',"&.#%#
-6%'"*"+1# -1-# )8."&>-"# %(# /)(&.# 0".# 0,22-&"+1".# $-&,)0".# d’échantillonnage.# U%&# "C"*$'"3# '"#
6&)($"#!&-,3("0$"7)1#-1%,1#.(&;&"$&-."+1-#0%+.#'".#,.)'%1.#,+4,8%+1#.-,("#$'*3#0%+.#'".#'%,1.#0"#/49>&"#
de la première période d’échantillonnag"<# W,+.,3# '%# .(&;&"$&-."+1%1,)+# 0"# 8%/1-&,".# /,8'%+1# (+#
champignon plutôt qu’un autre dans certains laits et à certaines périodes d’échantillonnage3# %#
/)+0(,1# L# supposer un impact de la présence des champignons sur l’expression de l’activité 
%+1,2)+6,7("#0".#8%/1-&,".#'%/1,7(".<##
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:;&*(+3(3&)'#4'+88+('&47#.(+#$'7+*'.<-01&94"4*'1$/*+4(*'7-4*')+*'/.<-4(&))"4*'7+')-&('2'
L’étude de la biodiversité fongique dans les laits a donc été effectuée parallèlement à l’isolement 
0".# .)(/4".# '%/1,7(".# %+1,2)+6,7(".<# ?%# !;_U?@# %# -1-# /4),.,"# $)(&# %+%'5."&# '%# 8,)0,>"&.,1-#
2)+6,7("#0".#-/4%+1,'')+.#0"#'%,1#&-/)'1-.#0(&%+1#'%#$&"*,9&"#$-&,)0"#0"#/)''"/1"#/%&#"''"#$"&*"1#0"#
.-7("+/"&# '".# 2&%/1,)+.# /)''"/1-".# "1# %,+.,#d’,0"+1,2,"&# '".# /4%*$,6+)+.# $&-."+1.# FG)(+,"&# +$, "(-3#
HINIK<#?’objectif était également de mettre en évidence un lien entre la concentration fongique 
1)1%'"#"1# '"#+)*8&"#0"#8%/1-&,".# '%/1,7(".#%+1,2)+6,7(".# ,.)'-".#0%+.#(+#*:*"#-/4%+1,'')+<#E,"+#
7("#'%#$&)$)&1,)+#0"#8%/1-&,".#'%/1,7(".#%+1,2)+6,7(".#,.)'-".#%,1#-1-#8,"+#$'(.#,*$)&1%+1"#L#$%&1,&#
0".# '%,1.# 0"# >%/4"# 7("# 0".# '%,1.# de brebis, les concentrations fongiques n’étaient pas 
.,6+,2,/%1,>"*"+1#0,22-&"+1".#0%+.#'".#'%,1.#0"#>%/4"#7("#0%+.#'".#'%,1.#0"#8&"8,.<#@"$"+0%+13#,'#%#-1-#
)8."&>-#7("# '%#0,>"&.,1-#0"#8%/1-&,".# '%/1,7(".#%+1,2)+6,7(".#"1# '%#0,>"&.,1-# 2)+6,7("#-1%,"+1#$'(.#
-'">-".#0%+.#'".#'%,1.#0"#>%/4"#7("#0%+.#'".#'%,1.#0"#/49>&"#"1#0"#8&"8,.<##
?%# !;HPLC a permis d’identifier les champignons majoritaires des échantillons, et# '".#
/4%*$,6+)+.#0-1"/1-.#0%+.#/"11"#-1(0"#/)&&".$)+0%,"+1#*%B)&,1%,&"*"+1#L#/"(C#->)7(-.#0%+.#'%#
',11-&%1(&"<#@"11"#-1(0"#%#%,+.,#$"&*,.#0"#/)+2,&*"&#'%#$&-."+/"#0"#/4%*$,6+)+.#0%+.#'".#'%,1.#/&(.#
%+%'5.-., et d’évaluer leur diversité. Cependant, aucun lien direct entre l’isolement de bact-&,".#
'%/1,7(".# ,+4,8%+1# (+"# /,8'"# 2)+6,7("# "1# '%# 2)&1"# $&-."+/"# .,*('1%+-"# 0"# /"11"# /,8'"# 0%+.# (+#
échantillon de lait n’a pu être démontré. A l’exception de l’espèce,.()85+7%18#+*#("#$'*3#&"1&)(>-"#
0%+.# '".# -/4%+1,'')+.# 0"# '%,1.# 0%+.# '".7("'.# '".# 8%/1-&,".# %/1,>".# /)+1&"# /"11"# ".$9/"# -1%,"+1# .(&;
&"$&-."+1-".3# '%# !;HPLC n’a pas permis de mettre en évidence les espèces spécifiquement 
&"1"+(".# 0%+.# '"# /&,8'%6"<# ]'# ".1# 0)+/#$&)8%8'"# 7("# '".# ".$9/".# /,8'-".# F/-, "0%1"("# +)1%**"+1K#
n’étaient pas présentes en conc"+1&%1,)+#.(22,.%+1"#0%+.#'".#-/4%+1,'')+.#0"#'%,1.#%+%'5.-.#$)(&#:1&"#
0-1"/1-".#$%&# '%#!;_U?@<#@"$"+0%+13# ."('.# '".# -/4%+1,'')+.#0"# '%#$&"*,9&"# ."*%,+"#0"# /4%7("#
période d’échantillonnage ont été testés et l’analyse aurait pu être élargie à l’ensemble des#$&,.".#
d’échantillonnages. On a fait l’hypothèse que l’ensilage pouvait être la source principale des 
8%/1-&,".#'%/1,7(".#%+1,2)+6,7(".#,.)'-".#')&.#0(#/&,8'%6"<#`&3#/"#8,)1)$"#".1#2)&1"*"+1#/)')+,.-#$%&#
0".# /4%*$,6+)+.# 2,'%*"+1"(C# "1# 0".# '">(&".# FO’Brien# +$, "(-3# HIIJK<# ]'# ."&%,1# 0)+/# ,+1-&"..%+1#
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d’étudier le lien entre les champignons retrouvés et l’activité antifongique des bactéries lactiques 
présentes dans l’ensilage.#
6+*'*"#.<+*'-4(&8"49&%#+*'&*")/+*'*"4(3+))+*'-.(&5+*'&4'*&(#'2'
?"#5%)(&13#0)+1#'%#$&)0(/1,)+#$"(1#:1&"#2%/,'"*"+1#&"$&)0(,1"#"+#'%8)&%1),&"3#%#-1-#/4),.,#/)**"#
modèle d’étude afin de répondre à notre objectif principal qui était d’obtenir une culture 
$&)1"/1&,/"# $)(&# 0".# $&)0(,1.# '%,1,"&.# 2"&*"+1-.# 2&%,.<# ?".# /4%*$,6+)+.# )+1# 0)+/# -1-# $'(.#
.$-/,2,7("*"+1# &"1"+(.# "+# 2)+/1,)+# 0"# /"11"# *%1&,/"<# W,+.,3# 9-, ('3%(8$'#"3# :-, 6"0*+0''3# ;-,
1)#'("<'0%*"3#.-,("#$'*3#.-,1"74'"0)*#"1#/-,&7+5'#%13"#$)1#)+1#-1-#/4),.,.#/%&#,'.#.)+1#2&-7("**"+1#
&"+/)+1&-.#0%+.#'".#%'1-&%1,)+.#0".#5%)(&1.#%(C#2&(,1.#FG%5)&%'#+$,"(-3#HIIJK. L’effet protecteur des 
.)(/4".#%+1,2)+6,7(".#%#-1-#->%'(-#$%&#'%#7(%+1,2,/%1,)+#0".#/4%*$,6+)+.#%$&9.#.,C#."*%,+".#0"#
.1)/a%6"#L#NIb@# .(,1"# L# '%# 2%8&,/%1,)+# "1# L# '%# /)+1%*,+%1,)+#0".#5%)(&1.<#@"11"# 1"*$-&%1(&"# ".1#
.($-&,"(&"#L#'%#1"*$-&%1(&"#0"#c#b@#7(,#0),1#:1&"#%$$',7(-"#0%+.#0".#/)+0,1,)+.#0"#&-2&,6-&%1,)+#
%0%$1-".#L#/"#15$"#0"#$&)0(,1#"1#'%#0(&-"#%#-1-#/4),.,"#$)(&#0-$%.."&#'%#!?@#0".#5%)(&1.#7(,#".1#0"#
V#."*%,+".<#
@)**"#,'#%#-1-#*)+1&-#$%&# '%#$&"*,9&"#-1(0"#F@4%$,1&"#]K, l’environnement d’une bactérie joue 
un rôle considérable dans l’expression de son activité. Les substrats 0,.$)+,8'".# %,+.,# 7("# '".#
*,/&))&6%+,.*".#"+>,&)++%+1.#)+1#0".#/)+.-7("+/".#$'(.#)(#*),+.#,*$)&1%+1".#.(&#'%#/&),..%+/"#
"1# '"# *-1%8)',.*"# 0".# 8%/1-&,".<# d)(1".# '".# .)(/4".# 0"# '%# /)''"/1,)+# )+1# -1-3# L# '%# 8%."3#
.-'"/1,)++-".#$)(&#'"(&#/%$%/,1-#L#,+4,8"&#'".#/4%*$,6+)+.#.(&#*,',"(C#0"#/('1(&"<#?%#$'($%&1#0".#
,.)'%1.# $&)>"+%,ent de milieux à base de MRS, connu pour potentialiser l’action des acides 
)&6%+,7(".#6&e/"#L#.)+#/)+1"+(#"+#%/-1%1"#FS/4,'',+6"&#%+0#Q,''%&&"%'3#HINIK<#@".#/)+0,1,)+.#.)+1#
1&9.# -'),6+-".# 0"# /"''".# &"+/)+1&-".# 0%+.# (+# "+>,&)++"*"+1# 1"'# 7("# '"# '%,1<# ?".# 0,22-&"+/".# 0"#
$%&%*91&".# 0"# /&),..%+/"# "1# 0"# +(1&,*"+1.# 0,.$)+,8'".# $"(>"+1# ,+0(,&"# 0".# 0,22-&"+/".# 0%+.# '%#
/&),..%+/"#0".# .)(/4".#"1#0%+.# '".#*)'-/('".#qu’elles produisent<# ]'# ".1#0)+/#0,22,/,'"#0"#$&-0,&"#
l’efficacité3#au sein d’un produit laitier,#d’une souche qui aura présenté des activités antifongiques 
"+#*,',"(#0"# '%8)&%1),&"<#?".# NN# ,.)'%1.# )+1# -1-# .-'"/1,)++-.# $%&*,# '%# /)''"/1,)+# "+# 2)+/1,)+# 0"#
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'’,+1"+.,1-# 0"# '"(&# %/1,>,1-# "1# 0"# '"(&# .$"/1&"# d’action "+# *,',"(# 0"# '%8)&%1),&"3# ,'# -1%,1# 0)+/#
nécessaire d’évaluer#'"(&#%/1,>,1-#%+1,2)+6,7("#'0,*'$)<#
Bien qu’ayant choisi des milieux $"&*"11%+1#'%#.-'"/1,)+#0"#1)(.#'".#6"+&".#0"#8%/1-&,".#'%/1,7(".#
$)1"+1,"''"*"+1# $&-."+1.# 0%+.# '"# '%,1# /&(3# '%# /)''"/1,)+# 0"# 8%/1-&,".# '%/1,7(".# /)+.1,1(-"# 0%+.# '%#
$&"*,9&"# -1(0"# /)*$&"+%,1# (+"#*%B)&,1-# 0"# .)(/4".# %$$%&1"+%+1# %(# 6"+&"# !"#$%&"#'(()*# "1# $'(.#
$%&1,/(',9&"*"+1#%(#6&)($"#!&-,#"*+'. C’est le groupe le plus fréquent parmi les lactobacilles du lait#
FG"0,+%#+$,"(-3#HIIN#P#f&%+/,).,#+$,"(-3#HIIOK, mais c’est également un de ceux le plus fréquemment 
0-/&,1#0%+.#'".#%/1,>,1-.#%+1,2)+6,7(".#0".#8%/1-&,".#'%/1,7(".#FS/4+T&"&#%+0#G%6+(..)+3#HIIJK<#`&#
0%+.#/"11"#-1(0"3#8,"+#7("#NI#.)(/4".#$%&*,#'".#NN#.-'"/1,)++-".#appartenaient à ce genre, c’est 
2,+%'"*"+1# (+"# souche appartenant à l’espèce !&-, 6"7&'0+0*'*# 7(,# %# &->-'-# '%# $'(.# 2)&1"# %/1,>,1-#
%+1,2)+6,7("#0%+.#'"#5%)(&1<##
=#+)*'*"4(')+*'1-$-0>($+*'7#'1$"./7/'7+'8-,$&.-(&"4'pouvant influer sur l’activité antifongique'&4'*&(#'2'
Afin d’affiner l’étude de l’activité de !&-,6"7&'0+0*'*#\<QO<g<Nh$#%(#.",+#0(#5%)(&13#%,+.,#7("#/"''"#
0"# !&-, 76"10%*)*# \<@Y<g<N], l’influence de la variat,)+# 0"# /"&1%,+.# 2%/1"(&.# /'"2.# 0(# $&)/-0-#
,+0(.1&,"'#0"#$&)0(/1,)+#0"#5%)(&13#."('.#)(#"+#,+1"&%/1,)+3#%#-1-#->%'(-"#.(&#'%#/&),..%+/"#0"#9-,
('3%(8$'#"3# et par conséquent sur l’activité des deux souches sélectionnées<# ?%# 2%,8'"# %/1,>,1-#
%+1,2)+6,7("#0"#!&-,76"10%*)*#\<@Y<g<N]#.(&#9-,('3%(8$'#"#+)(.#%#/)+0(,1.#L#/4),.,&#/"#/4%*$,6+)+#
/)**"# /,8'"# 0%+.# /"11"# 0"&+,9&"# -1(0"<# ?%# $&-."+/"# 0"# NI# X# 0"# .%//4%&)."3# '"# 1"*$.# 0"#
fermentation et le taux de contamination ainsi que la présence ou l’absence de chacune des 
.)(/4".#)+1#-1-#'".#2%/1"(&.#/4),.,.<#!%+.#/"11"#-1(0"3#'"#."('#2%/1"(&#%5%+1#"(#(+#"22"1#.,6+,2,/%1,2#
.(&#'%#/&),..%+/"#0"#9-,('3%(8$'#"#%#-1-#'%#$&-."+/"#0"#'%#.)(/4"#!&-,6"7&'0+0*'*#\<QO<g<Nh$<#@"11"#
souche n’a pas présenté d’influence négative sur les 2"&*"+1.3#7(,3#"(C;mêmes, n’ont pas affecté 
.)+#%/1,>,1-#%+1%6)+,.1"<#Ni l’addition de .%//4%&)."3#+,# '%# &-0(/1,)+#0(# 1"*$.#0"# 2"&*"+1%1,)+#
n’ont présenté d’impact sur l’activité de cette souche, et ces données confirment l’intérêt de 
!&-,6"7&'0+0*'*#\<QO<g<Nh$# "+# >("# 0"# .)+# (1,',.%1,)+# ,+0(.1&,"''"<#L’activité de cette souche est 
maintenue en présence d’une quantité initiale de cellules fongiques plus élevée.# @"/,# '%,.."#
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$&-.%6"&# 7("# .)+# (1,',.%1,)+# ->"+1("''"# $)(&&%,1# :1&"# "22,/%/"# %(..,# 8,"+# 0%+.# '"# /%.# 0"#
/)+1%*,+%1,)+.# %-&)$)&1-".3# )D# '%# 7(%+1,1-# 0"# /"''('".# )(# .$)&".# 2)+6,7(".# ,+,1,%(C# ".1#
relativement faible, que dans le cas de contaminations dues à l’incorporation de matières 
$&"*,9&".#/)+1%*,+-".3#1"'.#7("#'".#2&(,1.#)(#'".#$&-$%&%1,)+.#0"#2&(,1.<#?e risque d’altération de 
/".#$&)0(,1.#".1#"+#"22"1#-'">-3#0"#$%&#'"(&#2)&1"#."+.,8,',1-#%(C#/)+1%*,+%1,)+.#2)+6,7(".3#"1#'"(&#
2%,8'"#&-.,.1%+/"#%(C#1&%,1"*"+1.#14"&*,7(".#FU"++"5#+$,"(-, 2004). De plus l’activité antifongique 
de cette souche n’%#$%.#-1-#%2fectée par l’ajout de 10 % de saccharose. On peut supposer que /"11"#
%/1,>,1-#%+1%6)+,.1"#."&%#*%,+1"+("#0%+.#(+#5%)(&1#%(C#2&(,1.3# '".7("'.#peuvent contenir jusqu’à#
HI#X#0"#.(/&"<##
,
!&-,6"7&'0+0*'*#\<QO<g<Nh$#$&-."+1"#0)+/#(+#2)&1#"22"1#$&)1"/1"(&#"1#."*8'"#,+1-&"..%+1"#$)(&#(+"#
(1,',.%1,)+#0%+.#'%#8,);/)+."&>%1,)+#du yaourt. L’isolement de cette espèce à partir du lait est une 
+)(>"%(1-<#@"''";/,#n’a effectivement été décrite que très récemment FG,5%*)1)#+$,"(-3HIIJK#"1#%#
-1-# isolée d’un produit fermenté /4,+),.#L#8%."#0"#/4)(C<#U%&*,# '".# .)(/4".# ,0"+1,2,-".#0%+.# '%#
/)''"/1,)+3# ."('".# c# appartenaient à l’espèce !&-, 6"7&'0+0*'*<# ?%# /&),..%+/"# '"+1"# 0"# '%# .)(/4"#
!&-,6"7&'0+0*'*#\<QO<g<Nh$#0%+.#'"#'%,1#$)(&&%,1#"C$',7("&#'%#2%,8'"#)//(&&"+/"#0"#/"11"#".$9/"#')&.#
0(#/&,8'%6"<#@"$"+0%+13#*%'6&-#/"11"# 2%,8'"#/%$%/,1-#L#/&)=1&"#0%+.# '"# '%,13#/"11"#.)(/4"#$&-."+1"#
(+"# 2)&1"# %/1,>,1-# %+1,2)+6,7("<#Ainsi, il ne semble pas nécessaire à une souche active d’être 
/)*$-1,1,>"#0%+.#'"#'%,1#$)(&#$&-."+1"&#(+"#%/1,>,1-#%+1,2)+6,7("<##
h,#/"11"#".$9/"3#+,#%(/(+"#".$9/"#0(#6&)($"#$45')6-+-1,7("#%(7("'#"''"#%$$%&1,"+1#F!&-,3+7%(+0*K#
n’ont jusqu’à présent été citées dans 0".# -1(0".# .(&# '".# %/1,>,1-.# %+1,2)+6,7(".# 0"# 8%/1-&,".#
'%/1,7(".. On remarque d’ailleurs que les espèces de la/1)8%/,''".# '".# $'(.# %/1,>".# /,1-".#
%$$%&1,"++"+1# *%B)&,1%,&"*"+1# %(C# 6&)($".# !&-, #"*+'3# !&-, =+(&7)+#>'', "1, !&-, 3("0$"7)1<# ?%#
découverte de l’activité antifongique de cette espèce est donc innovante, et les résultats obtenus 
0%+.#/"#$&)B"1#0"#149."#)(>&"+1#'%#>),"#L#0"#+)*8&"(.".#-1(0".#/)*$'-*"+1%,&".<#?".#&"/4"&/4".#
devront notamment être approfondies afin de déterminer le mécanisme impliqué dans l’activité 
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0"# /"11"# .)(/4"<#L’influence de l’environnement microbien ."*8'"# B)("&# (+# &i'"# $&-$)+0-&%+1#
0%+.# .)+#%/1,>,1-<#?%# /)*$%&%,.)+#0".# &-.('1%1.#)81"+(.#0%+.# '"# '%,1# "1#0%+.# '"#5%)(&1# %#*,.# "+#
->,0"+/"# (+# 2)&1# "22"1# .5+"&6,7("# "+1&"# '".# 2"&*"+1.# "1# !&-, 6"7&'0+0*'*, \<QO<g<Nh$<# !’autres 
*)'-/('".# 7("# '".# %/,0".# '%/1,7("# "1# %/-1,7("# ."*8'"+1# -6%'"*"+1# :1&"# ,*$'iquées dans l’effet 
,+4,8,1"(&# 0"# !&-, 6"7&'0+0*'*, \<QO<g<Nh$<# h)1%**"+13# 0".# &-.('1%1.# $&-',*,+%,&".# )81"+(.# "+#
/)''%8)&%1,)+# avec l’un des partenaires du $&)B"1# WhR;f(+6,+,8# F^RNHcY3# ]hRW3# h%+1".K#
semblent indiquer la forte implication de l’acide caproïque dans l’inhibition des contaminants 
2)+6,7(".<# !".# -1(0".# $&-',*,+%,&".# )+1# *)+1&-# 7("# l’acide caproïque était produit# $%&#
!&-,6"7&'0+0*'*,\<QO<g<Nh$# parallèlement à l’épuisement du glucose# 0%+.# (+#*,',"(# L# 8%."# 0"#
GRS# "+&,/4,# "+# $&)1-,+".# '%,1,9&".<#W..)/,-"# L# '%# ',$)'5."# "1# %(# /%1%8)',.*"# 0".# %/,0".# %*,+-.#
Fj%+".%+#+$,"(-3#HIIVK3#,'#".1#$)..,8'"#7("#'%#.5+149."#0’acides gras, tels que l’acide caproïque3#0%+.#
'"#'%,13#.),1#2%>)&,.-"#"+#$&-."+/"#0".#2"&*"+1.3#7(,#$"(>"+1#$%&#"C"*$'"3#2)(&+,&#'".#%/,0".#%*,+-.#
)(#$"$1,0".#+-/"..%,&".#L#!&-,6"7&'0+0*'*,\<QO<g<Nh$3#7("#/"11"#.)(/4"#+"#1&)(>"#$%.# lorsqu’elle 
".1#."('"#0%+.#'"#'%,1<#@"$"+0%+13# l’analyse des composés présents#0%+.#'"#5%)(&13#"1#+)1%**"+1#
de l’acide caproïque, n’a pas encore été réalisée. #
@".# &-.ultats devront être confirmés par d’autres analyses, notamment en remplaçant 
!&-,6"7&'0+0*'*#\<QO<g<Nh$#0%+.# '"#5%)(&1# "1#0%+.# '"# '%,1#par l’acide caproïque au taux retrouvé 
%>"/# !&-, 6"7&'0+0*'*# \<QO<g<Nh$<# Comme dans l’étude de Dallagnol +$, "(-# FHIIcK3# 0".#
,+1"&*-0,%,&".# *-1%8)',7(".# 0"# '%# /&),..%+/"# 0".# 2"&*"+1.# 0%+.# '"# 5%)(&13# "1# +)1%**"+1# 0".#
$"$1,0".# )(# %/,0".# %*,+-.3# $)(&&)+1# :1&"# %B)(1-.# 0%+.# (+# '%,1# ,+)/('-# $%&# !&-, 6"7&'0+0*'*#
K.V9.3.1Np afin de tester leur effet sur l’activité antagoniste de cette .)(/4"#"1#.(&#.%#$&)0(/1,)+#
0"#*)'-/('".#%+1,2)+6,7(".<#Il sera nécessaire d’évaluer son efficacité avec d’autres ferments, mais 
également dans d’autres matrices laitières, contenant par exemple différents taux de matière 
6&%.."<#]'#."&%,1#-6%'"*"+1#,+1-&"ssant de déterminer à partir de quel taux d’inoculation '%#.)(/4"#
$&-."+1"#.)+#"22,/%/,1-<#Un plan d’expérience monofactoriel testant l’effet de la concentration de 
'%# .)(/4"#L#(+"#6%**"#-1"+0("# ".1# "+>,.%6-<#Z+2,+3# l’étude de son spectre d’action devra êt&"#
-'%&6,"# à d’autres ".$9/".# 0"# /4%*$,6+)+.# "1# .)(/4".# 0"# *:*"# ".$9/".<# ]'# 2%(0&%# -6%'"*"+1#
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0-1"&*,+"&#.,#!&-,6"7&'0+0*'*#\<QO<g<Nh$#&".1"#"22,/%/"# ')&.7("# '%#/)+1%*,+%1,)+#%# ',"(#%(#/)(&.#
0(#.1)/a%6"3#8,"+#%$&9.#'%#2%8&,/%1,)+#0(#$&)0(,1<##
L’espèce !&-,6"7&'0+0*'*#ne possède pas d’historique de /)+.)**%1,)+#%>%+1#*%,#NOO[<#Z+#>("#
d’une application industrielle, "1# ."')+# '%# &-6'"*"+1%1,)+# "+# >,6("(&3# /"11"# ".$9/"# "+1&"&%,1#
14-)&,7("*"+1#0%+.#'%#/%1-6)&,"#k#h)>"'#2))0#l#Fm".."'.#+$,"(-3#HIIVK<#^+"#%11"+1,)+#$%&1,/(',9&"#
0">&%#%,+.,#:1&"#$)&1-"#.(&#l’évaluation de l’innocuité de !&-,6"7&'0+0*'*#K.V9.3.1Np. L’absence de 
production d’amines biogènes au sein des produits laitiers fermentés devra notamment être 
>-&,2,-"<#@)**"#$)(&#'".#0,C#%(1&".#.)(/4".#1".1-".#F@4%$,1&"#]]]K3#!&-,6"7&'0+0*'*#\<QO<g<Nh$#+"#
$)&1"# ", 37'%7'#pas de résistances aux antibiotiques problématiques. Bien entendu, en vue d’une 
utilisation commerciale, le spectre d’antibiotiques testés devra être élargi. Par ailleurs, 
l’évaluation sensoriell"#0".#$&)0(,1.#0%+.#'%7("''"#/"11"#.)(/4"#."&%#,+1&)0(,1"#$)(&&%#-6%'"*"+1#
:1&"#"+>,.%6-"<#
#
?"4.)#*&"4'
Ce projet, dont l’objectif principal était de développer une culture bio;$&)1"/1&,/"# %+1,2)+6,7("#
%0%$1-"#%(C#$&)0(,1.#'%,1,"&.#2"&*"+1-.#%#$"&*,.#n#F,K#0"#/)++%=1&"#'%#8,)0,>"&.,1-#0".#'%/1)8%/,''".#
%+1,2)+6,7(".#$&-."+1.#0%+.#des échantillons de lait de trois espèces laitières au cours d’une année#
"1# 0"# *)+1&"&# 7("# '".# '%,1.# 0"# >%/4"# "1# 0"# /49>&"# .)+1# 0".# &-."&>),&.# "+# 8%/1-&,".# '%/1,7(".#
%+1,2)+6,7(".#P# F,,K#0"#/)++%=1&"#"+#$%&%''9'"# '%#8,)0,>"&.,1-# 2)+6,7("#0%+.#/".#*:*".# '%,1.3# .%+.#
$)(&# %(1%+1# *"11&"# "+# ->,0"+/"# 0"# ',"+# "+1&"# '".# 8%/1-&,".# '%/1,7(".# %+1,2)+6,7(".# "1# '".#
/4%*$,6+)+.#$&-."+1.#0%+.#'".#'%,1.#P#F,,,K#de caractériser et de tester l’activit-#%+1,2)+6,7("#0"#NN#
.)(/4".# 0"# '%/1)8%/,''".# 0%+.# (+# *)09'"# 5%)(&1# "1# F,>K# de déterminer l’influence des facteurs 
intervenant dans la production des yaourts et le niveau de contamination fongique sur l’activité 
%+1,2)+6,7("# 0"# 0"(C# .)(/4".# %/1,>".3# !&-, 6"7&'0+0*'*# \<QO<g<Nh$# "1# !&-, 76"10%*)*,\<@Y<g<N]<#
f,+%'"*"+13# /"# $&)B"1# %# $"&*,.# 0"# *"11&"# "+# %>%+1# (+"# .)(/4"# $%&1,/(',9&"3# !&-, 6"7&'0+0*'*#
\<QO<g<Nh$3#%5%+1#*)+1&-#(+"#2)&1"#%/1,>,1-#%+1,2)+6,7("#0%+.#'"#5%)(&1#*%'6&-#.%#2%,8'"#/%$%/,1-#
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L#/&)=1&"#0%+.#'"#'%,1<#Le laboratoire envisage de poursuivre l’étude approfondie de cette souche et 
+)1%**"+1#0"#/)*$&"+0&"#/)**"+1#.)+#%/1,>,1-#$"(1#:1&"#*)0('-"#%(#.",+#0".#$&)0(,1.#'%,1,"&.#
fermentés, et de mieux appréhender son mécanisme d’action<#L’)8B"/1,2# 2,+%'# ".1#0"# /)+/&-1,."&#
.)+#%$$',/%1,)+#"+#1%+1#7("#/('1(&"#8,);$&)1"/1&,/"#0"#$&)0(,1F.K#'%,1,"&F.K#2"&*"+1-F.K<##
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!"#"!"$%"&'()(*)+,!-./)01"&'
!
"!#!"!
#$%&'(%)*+! ,-.-! "#$$%&'! ()*)+,-.+/! 0+12! 13.2)! .-0! .-*,4,5+67,.8! +)3,3*.-5)! ,-! 7.5*)+,.! 69!
.-,4.8!6+,2,-'!!"#$%&'&()$*$%")&+,"-."%/)/01&'&2/3$%/)/01!/0:!#;<–#=<'!
#1%23)&4+! 5-+!.$%(26"74$(&%3+! #-+!.$8)&9$+!.-+! :$492;2$+! <-! $69!.$%(26&=">)&63+!.-!
"#$$=&'! >,60,?)+3,*/! 69! *@)! 4,5+67,.8! 56441-,*/! ,-! .! AB.-,3@! 9.+4@613)! 5@))3)! .3!
+)?).8)0! 7/! 518*1+)C0)B)-0)-*! .-0! 518*1+)C,-0)B)-0)-*!4)*@603'! 4*56-*"5$/*")& 7/8-*")& /9&
://;&<$%-/=$/)/01!?@A:!#$$–#$='!
#B&93",C42D+!<-!$69!7C%&=".$%(E6&=+!F-!"#$$D&'!A,2-,9,5.-*!0,99)+)-5)3!7)*E))-!>"%5/="%$))8#!
%"#6$!3173B'!%"#6$!FGHH!DIDG!.-0!.!56446-8/!13)0!B8.34,0C51+)0!0)+,?.*,?)!+)?).8)0!7/!
.!B68/B@.3,5!3*10/'!4*56-*"5$/*")&7/8-*")&/9&?1#56."5$%&"*;&@A/)85$/*"-1&<$%-/=$/)/01!GH:!J;–
;%'!
#I%3'B3*&! "3'!0'&'! Denrées alimentaires d’origine animale dans la nutrition!K! 0,99L+)-*3!
564B63.-*3! 01! 8.,*'! M,3B6-,78)! 31+!K! @**BKNNEEE'07C
.8B'.04,-'5@N9+N1)7)+1-3N9.OP0)*.,8'B@BQ,0R#;=!"B.2)!56-318*L)!8)!<<!S.-?,)+!#$<#&'!
#I)2%%&+!.-!$69!J34426'+!.-!"<IID&'!T.5*,5!.5,0!7.5*)+,.!.-0!@14.-!58,-,5.8!,-9)5*,6-'!7/8-*")&
/9&BCC)$6;&<$%-/=$/)/01!AG:!I%–<$;'!
#4"K3%&LM+! N-+! #M%&'+! O-! $69! P$6926&+!Q-! "<II<&'! F-*,4,5+67,.8! .5*,?,*/! 69!U,5+62.+0GU!
.2.,-3*! 9660! 3B6,8.2)! .-0! B.*@62)-,5!4,5+66+2.-,343'! 7/8-*")& /9&D"$-1& ?%$6*%6!AR:! ;%=–
;JD'!
#SS3%+! .-P-+! >&4&6! ,43%&=+! #-! $69! .$M3+! >-! "#$$;&'! F-*,7,6*,5! +)3,3*.-5)! ,-! -6-C
)-*)+65655.8!8.5*,5!.5,0!7.5*)+,.!.-0!7,9,067.5*)+,.'!://;&<$%-/=$/)/01!@R:!%%I–%;$'!
#S*)&%3+!P-!$69!>3''&(+!O-! "#$$D&'!G@)!)8)5*+6-,5!-63)!.BB8,)0!*6!0.,+/!B+6015*3K!.!+)?,)E'!
?6*#/-#&"*;&B%58"5/-#&!E&(,6.$%")!/R:!<–<#'!
#6I&43;+!.-+!T3'(3;+!F-+!P2S3;$+!<-+!>&'UL3;$+!V-!$69!T3*%26L3;$"5%2'(3;$+!7-!"#$$I&'!
V+6*6C566B)+.*,6-! 9.5*6+3! ,-! /621+*! 3*.+*)+! 518*1+)3'! F6A86& ;6& GH*$6& 4*;8#5-$6)! H:! W–<#'!
M,3B6-,78)!31+!K!@**BKNNEEE'+)?1)C2)-,)C,-013*+,)8',-96!
#NP<P! "#$$#&'! X)5644.-0.*,6-3! 01! ##! -6?)47+)! #$$#! Y!X)5644.-0.*,6-3! B61+! 8.!
B+L3)-*.*,6-! 0)3! 0onnées permettant l’évaluation de l’innocuité des microorganismes 
1*,8,3L3! 0.-3! 8)! 3)5*)1+! .2+6C.8,4)-*.,+)! "3615@)3! -61?)88)3! 61! 460,9,L)3:! .BB8,5.*,6-!
0,99L+)-*)! 0)! 3615@)3! 0LSZ! 1*,8,3L)3&!['! M,3B6-,78)! 31+!K!
@**BKNNEEE'.-3)3'9+NM6514)-*3NU\H#$$<3.$D<<'B09!!
!
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#NP<P!"#$$=&'!G)5@-,5.8!21,0.-5)!06514)-*!6-!3@)89C8,9)!3*10,)3!96+!>$#56-$"&</*/%15/06*6#&,-!
+).0/C*6C).*! 96603'! M,3B6-,78)! 31+!K!
@**BKNN)5')1+6B.')1N9660N9660N7,63.9)*/N3.846-)88.N0653N3@)898,9)P8,3*)+,.P46-65/*62
)-)3P)-'B09!
#8)24$6(2+! W-+! P24;&'(%2+! F-+! K$66262+! <-+! X'2S$62+! #-+! P$6($%&442+! P-! $69! J4&S&6(2+! ,-!
"#$$;&'!V@)-6*/B,5:! 2)-6*/B,5! .-0! *)5@-6862,5.8! 5@.+.5*)+,].*,6-! 69! B+)064,-.-*! 8.5*,5!
.5,0! 7.5*)+,.! ,-! V)56+,-6! 5@))3)! 9+64! 5)-*+.8! \*.8/'! 7/8-*")& /9& BCC)$6;&<$%-/=$/)/01! ?YH:!
IW=–IJ$'!
#%93+!Z-!"#$$J&'!^8.?61+!96+4.*,6-!7/!.4,-6!.5,0!5.*.768,34'!!$/56%,*/)/01&B;A"*%6#!@R:!#D=–
#W#'!
#%S$[3%(&+! <-+! J$%%2+! P-+! ,&%%2+! F-! $69! J$1362+! .-,-! "#$$J&'! _,2@CB)+96+4.-5)! 8,O1,0!
5@+64.*62+.B@/! 0)*)+4,-.*,6-! 69! B@)-/88.5*,5! .5,0! ,-! UXA! 7+6*@'! 7/8-*")& /9&
(,-/."5/0-"C,1&B!??H?:!#=<–#=W'!
#%%\(C! 9)! @! 3B(31%&!?//A! +)8.*,9! .1`! .00,*,93! B61?.-*! a*+)! )4B86/L3! 0.-3! 8.! 9.7+,5.*,6-! 0)3!
0)-+L)3!0)3*,-L)3!Z!8b.8,4)-*.*,6-!@14.,-)'!M,3B6-,78)!31+!K!EEE'8)2,9+.-5)'261?'9+!!
#($6$''3;$+!.-+!JU32'&(+!Z-+!V$4I$4$%%3693+!.-+!JU31&%(+!O-.-+!V3)''&(+!]-+!^;$63;$+!^-!
$69! 5$&%(4&+! _-! "#$$D&'! \368.*,6-! .-0! B.+*,.8! 7,65@)4,5.8! 5@.+.5*)+,].*,6-! 69! .!
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V633,7,8,*,)3!.-0!8,4,*.*,6-3'!4*56-*"5$/*")&D"$-1&7/8-*")!?R:!#;D–#=%'!
V&!:)M'(+!W-!$69!V&I&&'(+!>-!"<III&'!_)*)+6B68/3.55@.+,0)3!9+64!8.5*,5!.5,0!7.5*)+,.'!:@<?&
<$%-/=$/)/01&F6A$6K#!@H:!<%D–<;;'!
V&! :)M'(+! W-! $69! W&%3M+! ,-! "#$$;&'! >.5*)+,65,-3! 9+64! T.5*,5! F5,0! >.5*)+,.K! V+6015*,6-:!
V1+,9,5.*,6-:!.-0!^660!FBB8,5.*,6-3'!7/8-*")&/9&</)6%8)"-&<$%-/=$/)/01&"*;&!$/56%,*/)/01!?H:!
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V2BL'+!W-.-_-+!V)!74&''2'+! <-.-+!V&44$I423+!,-! $69!W$)&%+!<-! "<IIJ&'!X)58.33,9,5.*,6-! 69!
>"%5/="%$))8#! %"#6$! 3173B'! %"#6$! FGHH! DID! .-0! >"%5/="%$))8#! -,".*/#8#! FGHH! <%=#$! .3!
>"%5/="%$))8#! N6"6! -64'! +)?':! 0)3,2-.*,6-! 69!FGHH!DDW! .3! *@)! -)6*/B)!69!>O& %"#6$! 3173B'!
%"#6$:! .-0! +)S)5*,6-! 69! *@)! -.4)!>"%5/="%$))8#! C"-"%"#6$'! 4*56-*"5$/*")& 7/8-*")& /9& ?1#56."5$%&
!"%56-$/)/01!R0:!DD;!CDW$'!
V2%&B(2;&!`/m?YAmJ<<! "<I=I&!01!H6-3),8! 01!#<!0L5)47+)!<I==:! +)8.*,?)!.1! +.BB+65@)4)-*!
0)3!8L2,38.*,6-3!0)3!n*.*3!4)47+)3!56-5)+-.-*!8)3!.00,*,93!B61?.-*!a*+)!)4B86/L3!0.-3!8)3!
denrées destinées à l’alimentation humaine. m61+-.8! 699,5,)8! -o! W$! 01! <<N$#N<I=I:!
460,9,L)!B.+!8.!M,+)5*,?)!IWNDWNHe'!
V2%&B(2;&!/Hm??HmJ<! (1993) du Conseil du 14 décembre 1993, relative à l’utilisation et à la 
5644)+5,.8,3.*,6-! 0)3! )-]/4)3:! 0)3! 4,5+6C6+2.-,34)3! )*! 0)! 8)1+3! B+LB.+.*,6-3! 0.-3!
l’alimentation des animaux. Journal officiel n° L 334 du 3<N<#N<IID!B'!$$<;!–!$$#D'!!
V2%&B(2;&! /Gm@mJ<! "<II%&! 01! V.+8)4)-*! )1+6BL)-! )*! 01! H6-3),8! 01! #$! 9L?+,)+! <II%:!
56-5)+-.-*! 8)3! .00,*,93! .8,4)-*.,+)3! .1*+)3! O1)! 8)3! 5686+.-*3! )*! 8)3! L01856+.-*3'! m61+-.8!
699,5,)8!-o!T!J<!01!<=N$DN<II%:!460,9,L)!B.+!8.!M,+)5*,?)!I=N;#NHe'!!
V2%&B(2;&!@YYYm?HmJ<!"#$$$&!01!V.+8)4)-*!)1+6BL)-!)*!01!H6-3),8!01!#$!4.+3!#$$$:!+)8.*,?)!
.1! +.BB+65@)4)-*! 0)3! 8L2,38.*,6-3! 0)3! États membres concernant l’étiquetage et la 
B+L3)-*.*,6-! 0)3! 0)-+L)3! .8,4)-*.,+)3! .,-3,! O1)! 8.! B178,5,*L! 9.,*)! Z! 8)1+! L2.+0'! m61+-.8!
699,5,)8!-o!T!<$I!01!$JN$%N#$$$:!460,9,L)!B.+!8.!M,+)5*,?)!#$$JN<W#NHe'!
V34&M%&'+! Z-! "#$$D&'! V+6015*,6-! )-! 56-*,-1! 0)! 9)+4)-*3! 8.5*,O1)3! B+67,6*,O1)3! B.+! 8.!
*)5@-6862,)!0)3! 5)8818)3! ,4467,8,3L)3'!G@p3):!j-,?)+3,*L!0)!T.?.8:!^.518*L!0)3!A5,)-5)3!
de l’Agriculture et de l’Alimentation, Département des Sciences des aliments de de 
-1*+,*,6-:!q1)7)5'!
V3%()+!J-! (2008). Isolement d’une bactérie lactique produisant de la sakacin G et utilisation 
31+!0)3!4.*+,5)3!.8,4)-*.,+)3'!G@p3):!^.518*L!j-,?)+3,*.,+)!0)3!A5,)-5)3!F2+6-64,O1)3!0)!
i)47861`:!!F5.0L4,)!j-,?)+3,*.,+)!c.886-,)Ce1+6B)'!>)82,O1)'!
V3%()+!J-!$69!_U36$%(+!7-!"#$$I&'!T)3!7.5*L+,65,-)3!0)3!7.5*L+,)3!8.5*,O1)3!K!5.+.5*L+,3*,O1)3!
)*! ,-*L+a*3! B61+! 8.! 7,656-3)+?.*,6-! 0)3! B+601,*3! .8,4)-*.,+)3'! !$/56%,*/)/0$6J& B0-/*/.$6J&
?/%$H5H&65&@*A$-/**6.6*5&?H:!<WD–<%W'!
V3)$)9+!J-! "#$$;&'!h62@1+*! 0+,-f3! 8).0! 9660!4.+f)*! 2+6E*@'!D"$-1F6C/-56-O%/.'!M,3B6-,78)!
31+! K! @**BKNNEEE'0.,+/+)B6+*)+'564NU.+f)*3Nh62@1+*C0+,-f3C8).0C9660C4.+f)*C2+6E*@!
"56-318*L!8)!#<!0L5)47+)!#$<<&'!
V3M4&+! .-7-! $69! >)'($+! ,-,-! "#$$J&'! F-*,4,5+67,.8! +)3,3*.-5)K! ,4B8,5.*,6-3! 96+! *@)! 9660!
3/3*)4'!(/.C-6,6*#$A6&F6A$6K#&$*&://;&?%$6*%6&"*;&://;&?"9651!G:!;<–<D;'!
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V%$L3)4$%$L3)+!#-7-+!T&U$I2$'+!J-+!T$%$L$6$'+!7-+!T3)43)%2'+!P-!$69!_2S12'+!V-!"#$$D&'!
F! 3*10/! 69! *@)! 2+6E*@! 69! >"%5/="%$))8#! "%$;/C,$)8#! ,-! 76?,-):! 6?,-)! .-0! 5.B+,-)! 4,8f'!
4*56-*"5$/*")&P/8-*")&/9&;"$-1&56%,*/)/01!G0:!%I–J<'!
V%3)$)4(+! P-! $69!J3%(U2&%+!F-! "#$$<&'! e99)*3! 0)3! 7.5*L+,)3! 8.5*,O1)3! ,-2L+L)3! .?)5! 0)3! 8.,*3!
9)+4)-*L3!31+!8.!3.-*L'!Q656-$*"-1&F6#6"-%,!H@:!<$<–<<;'!
V)$6+!O-+!7$%L+!P-^-+!V$&'BU&4+!.-!$69!KU$3+!Z-! "#$$;&'!F-*,4,5+67,.8! 5@,*63.-C8/36]/4)!
"HT&! 9,843!.-0!56.*,-23! 96+! )-@.-5,-2!4,5+67,.8! 3.9)*/!69!U6]].+)88.!5@))3)'!7/8-*")& /9&
://;&?%$6*%6!A@:!UD%%–UDJ#'!
V)%4)"n=L$M$+! ,-+! ]$6(U3*3)43'+! :-+! _)6$24+! N-! $69! W2(3*3)43)"_=$6&($L2+! <-! "#$$<&'!
G)5@-6862,5.88/! ,4B6+*.-*! B+6B)+*,)3! 69! 8.5*,5! .5,0! 7.5*)+,.! ,368.*)3! 9+64!>)/.]! 5@))3)!
4.0)!9+64!raw ewes’ milk. 7/8-*")&/9&BCC)$6;&<$%-/=$/)/01!/?:!=J<–=;$'!
V)%4)"n=L$M$+! ,-+! T$%$12B$L+! N-+! T$M$42+! e-! $69! <'&6+! >-! "#$$%&'! \-@,7,*,6-! 69! /).3*3!
,368.*)0!9+64!*+.0,*,6-.8!G1+f,3@!5@))3)3!7/!>"%5/="%$))8#!3BB'!4*56-*"5$/*")&7/8-*")&/9&D"$-1&
26%,*/)/01!G`:!<<<–<<W'!
V)g$(+! 7-+! P3)%2B&+! P-+!J&''&426+!>-+!W$S1&%&(+!F-+!:293+!T-+!F$)9)+!7-+!W&!W32%+!Z-+!
:234&(+!,-+!W3)12&%&+!7-!$69!F%)''+!#-! "#$$<&'!X)3B,+.*,6-! 5.B.5,*/!69! *@)! 9)+4)-*,-2!
7.5*)+,14! >"%5/%/%%8#! )"%5$#! .-0! ,*3! B63,*,?)! )99)5*3! 6-! 2+6E*@! .-0! 31+?,?.8'! 7/8-*")& /9&
!"%56-$/)/01!?`H:!W%$ICW%<J'!
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31+!K! @**BKNNEEE')995.'6+2N56-*)-*N4,5+67,.8C9660C518*1+)! "56-318*L! 8)! #<! -6?)47+)!
#$<<&'!
<,P#!"#$$I&'!A5,)-*,9,5!6B,-,6-!69!*@)!B.-)8!6-!7,6862,5.8!@.].+03!6-!*@)!4.,-*)-.-5)!69!*@)!
8,3*!69!qVA!4,5+66+2.-,343!,-*)-*,6-.88/!.00)0!*6!9660!6+!9))0'!@:?B&7/8-*"):!A?@:!<CID'!
<4"N&=$S2+!5-+!734MBU%36$L2+!N-+!P$4S26&6+!P-!$69!.MLL$6&6+!5-! "#$$#&'!>,-0,-2! +.*@)+!
*@.-!4)*.768,34!4./!)`B8.,-!*@)!,-*)+.5*,6-!69!*E6!9660C2+.0)!>"%5/="%$))8#!3*+.,-3!E,*@!
]).+.8)-6-)! .-0! ,*3! 0)+,?.*,?)! άC]).+.8)-68'! BCC)$6;& "*;& @*A$-/*.6*5")& <$%-/=$/)/01! 0`:!
D%W%–D%WI'!
<4"PU$[&2+!T-+!#19!<4"F$g$9+!.-#-.-+!V$12=$+!N-+!PU$%$[+!X-.-!$69!<[[$(+!>-#-!"#$$=&'!
F! 4,`)0! 518*1+)! 69! +-/C$/*$="%56-$8.! 5,/6*$$! VC<#;:! >"%5/="%$))8#! -,".*/#8#! .-0!
>"%5/="%$))8#!C)"*5"-8.!.3!B+6*)5*,?)!518*1+)3!,-!r.+),3@!5@))3)'!+/)$#,&7/8-*")&/9&://;&"*;&
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171
<%93I$6+! #-+! F)%'&'+! .-! $69! P&%(+! P-! "#$$D&'! \368.*,6-! 69! 461803! 5.B.78)! 69! B+6015,-2!
4/56*6`,-3!9+64!781)!46180/!G1814!5@))3)3!B+6015)0!,-!G1+f)/'!4*56-*"5$/*")&7/8-*")&/9&
://;&<$%-/=$/)/01!`G:!=D–=%'!
"!,!"!
,$99$+!.-+!:2$4&+!P-+!V&*4$63+!.-+!72'$63+!.-!$69!J3'&6(263+!P-!"#$<$&'!H@.+.5*)+,].*,6-!
69! /).3*! B6B18.*,6-! .-0! 468)518.+! 9,-2)+B+,-*,-2! 69! ("*;$;"! N61)"*/$;6#! ,368.*)0! 9+64!
goat’s milk collected in S.+0,-,.'!4*56-*"5$/*")&7/8-*")&/9&://;&<$%-/=$/)/01!?H0:!D;J–D=$'!
,$M&+! >-! $69! W32'&$)+! F-! "#$$$&'! A61+5)3! 0)! 56-*.4,-.*,6-! 0.-3! 8)3! 9,8,p+)3! 8.,*,p+)3! )*!
)`)4B8)3!0)!0L4.+5@)3!O1.8,*L'!B%56#&"56)$6-&$*5O&G6#5$/*&;6&)"&#H%8-$5H&;6#&")$.6*5#&;"*#&)6#&C"1#&
6*& ;HA6)/CC6.6*5O& ?/8-%6#& ;6& %/*5".$*"5$/*& ;"*#& )6#& 9$)$S-6#& )"$5$S-6#& 65& 636.C)6#& ;6& ;H."-%,6#&
I8")$5HJ&</*5C6))$6-J&:-"*%6!<<–<D'!
,<<V#7! "#$$=&'! G)5@-,5.8! 21,0.-5)! B+)B.+)0! 7/! *@)! V.-)8! 6-! F00,*,?)3! .-0! V+6015*3! 6+!
A173*.-5)3! 13)0! ,-! F-,4.8! ^))0! "^eeMFV&! 6-! *@)! 1B0.*)! 69! *@)! 5+,*)+,.! 13)0! ,-! *@)!
.33)334)-*!69!7.5*)+,.8! +)3,3*.-5)! *6!.-*,7,6*,53!69!@14.-!6+!?)*)+,-.+/! ,4B6+*.-5)'!2,6&
@:?B&7/8-*")&AH@:!<C<%'!
,&42'+! F-<-! $69!V&44$I423+! ,-! "#$$;&'! G.`6-64/! 69! 8.5*67.5,88,! .-0! 7,9,067.5*)+,.'!(8--6*5&
4##86#&$*&4*56#5$*")&<$%-/=$/)/01!`:!WW–J<'!
,24(&613%I+!X-+!,%2';$9+!O-J-!$69!_U%$6&+!j-! "<IIJ&'!U61803!,-!9660!3B6,8.2)'!4*56-*"5$/*")&
7/8-*")&/9&://;&<$%-/=$/)/01!HH:!=%–<$#'!
,4&&(+!F-!"<II$&'!h).3*3!,-!0.,+/!B+6015*3'!7/8-*")&/9&BCC)$6;&<$%-/=$/)/01!0`:!<II–#<<'!
,43%2$63g2B=+! _-! "#$$<&'! F-*,91-2.8! .5*,?,*/! 69! 364)! 4,5+66+2.-,343! .2.,-3*! +6*$%$))$8.!
63C"*#8.'!@8-/C6"*&://;&F6#6"-%,&"*;&26%,*/)/01!@?@:!#=#–#=J'!
,3DS$6+!>-+!KU$6I+!W-+!T33*S$6+!O-P-+!.$6626I+!P-V-!$69!.$%%'+!J-,-!"#$$%&'!H@663,-2!
.-! .BB+6B+,.*)! 7.5*)+,.8! */B,-2! *)5@-,O1)! 96+! )B,0)4,6862,5! 3*10,)3'! @C$;6.$/)/0$%&
+6-#C6%5$A6#&'&4**/A"5$/*#!@:!<$–<;'!
,%$6B23'2+! <-+! P&(($662+! W-+! J$;$==$+! #-! $69! 73=6$6'L2+! <-! "#$$I&'! >,60,?)+3,*/! .-0!
technological potential of wild lactic acid bacteria from raw cows’ milk.! 4*56-*"5$/*")&
D"$-1&7/8-*")!?/:!D–<<'!
,%$6=+!J-.-#-7-+!534=$*[&4+!Q-5-!$69!P(24&'+!.-<-!"<III&'!e-*)+65655,!.*!*@)!5+633+6.03!69!
9660!3.9)*/Q!4*56-*"5$/*")&7/8-*")&/9&://;&<$%-/=$/)/01!RA:!<–#W'!
,)BU'+! P-+! P36($I+! F-+! P(294+! e-+! <U%42BU+! :-+! T)692+! .-! $69! T6$'Sf44&%+! P-! "#$$=&'!
M)*6`,9,5.*,6-! 69! B.*18,-! .-0! 65@+.*6`,-! F:! *E6! .71-0.-*! 4/56*6`,-3:! 7/! 8.5*,5! .5,0!
7.5*)+,.'!://;&"*;&(,6.$%")&2/3$%/)/01!R0:!<DI=–<W$;'!
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"!F!"!
F$9$I$+!_-5-+!.)()L)S2%$+!#-N-!$69!N$%;U)'+!O-#-!"#$$<&'!G@)!2+6E*@!.-0!,-*)+.5*,6-!69!
/).3*3! .-0! 8.5*,5! .5,0! 7.5*)+,.! ,368.*)0! 9+64! s,47.7E).-! -.*1+.88/! 9)+4)-*)0!4,8f! ,-!
j_G!4,8f'!4*56-*"5$/*")&7/8-*")&/9&://;&<$%-/=$/)/01!0`:!#<–D#'!
Fk4;&=+!#-+!#1%23)&4+!5-+!Wo*&=+!e-W-!$69!XS$%+!N->-!"#$$;&'!>.5*)+,65,-C7.3)0!3*+.*)2,)3!
96+!9660!7,6B+)3)+?.*,6-'!4*56-*"5$/*")&7/8-*")&/9&://;&<$%-/=$/)/01!?@Y:!%<–;$'!
F$6&'$6+!>-+!P&&[&49(+!T-+!T3L$+!e-J-+!V2$'+!>-!$69!Q&2S&%+!>-J-!"#$$W&'!U6-65.+76`/8,5!
.5,0!B+6015*,6-!7/!8.5*65655,!.-0!8.5*67.5,88,'!4*56-*"5$/*")&D"$-1&7/8-*")!?R:!#D;–#WJ'!
Fp6=4&+! .-F-+! 5h4(=&4+! #-+! Q$4(&%+! O-+! O)6I+! F-! $69! 5$SS&'+! Q-7-! "#$$$&'!
H@.+.5*)+,].*,6-!69! +)1*)+,5/58,-!B+6015)0!7/!>"%5/="%$))8#! -6856-$!TG_#%=W'!BCC)$6;& "*;&
@*A$-/*.6*5")&<$%-/=$/)/01!00:!WD#%–WDDD'!
F$%9262+!,-+!.$%()'B&442+!.-+!J%)9&4&+!.-#-+!7$*$%&44$+!#-!$69!P)==2+!F-! "#$$#&'!j3)!69!
?5"C,1)/%/%%8#!31)/#8#!.3!.!3*.+*)+!518*1+)! ,-!0+,)0!3.13.2)3K!)99)5*!6-! *@)!7,62)-,5!.4,-)!
56-*)-*'!<6"5&?%$6*%6!0?:!#;%–#=D'!
F$%6&$)+!O-<-!$69!.326&$)+!P-!"#$<<&'!>.5*)+,6B@.2)3!69!8.5*,5!.5,0!7.5*)+,.!.-0!*@),+!,4B.5*!
6-!4,8f!9)+4)-*.*,6-3'!<$%-/=$")&(6))&:"%5/-$6#!?Y:!A#$'!
F$((2+! .-+! _%2;2'$63+! J-+! ,$1%2=2+! <-+! N&;2$62+! <-! $69! F$%9262+! ,-! "#$$W&'! >,60,?)+3,*/!
.46-2!>"%5/="%$))8#!,6)A65$%8#!3*+.,-3!,368.*)0!9+64!0,99)+)-*!-.*1+.8!E@)/!3*.+*)+!518*1+)3!
.3!+)?).8)0!7/!58.33,9,5.*,6-!*+))3'!BCC)$6;&"*;&@*A$-/*.6*5")&<$%-/=$/)/01!AY:!<=#–<I$'!
F$M$+! 7-+! >$1E6+! .-+! .&926$+! .-! $69! N)q&=+! .-! "<III&'! M,?)+3,*/! .46-2! 8.5*65655,!
isolated from ewes’ raw milk and cheese. 7/8-*")&/9&BCC)$6;&<$%-/=$/)/01!`A:!=WI–=%%'!
F&%&=+!J-W-+!_3%263+!.-^-+!e344k6+!F-!$69!,36(!9&!:$49&=+!F-!"#$$I&'!V+)?)-*,6-!69!7+).0!
46180! 3B6,8.2)!7/!13,-2! 8.5*,5!.5,0!7.5*)+,.!E,*@!.-*,91-2.8!B+6B)+*,)3'!://;&(/*5-/)!@Y:!
<WW–<W='!
F&;&%'+! V-+! 5)M'+! F-! $69! Pg26I'+! O-! "#$$<&'! FBB8,5.7,8,*/! 69! +)BCVHX! 9,-2)+B+,-*,-2! 96+!
,0)-*,9,5.*,6-!69!>"%5/="%$))8#!3B)5,)3'!:@<?&<$%-/=$/)/01&>6556-#!@YG:!D<–DJ'!
F34)1&;+!Q-^-!"#$$J&'!F-*.26-,3*,5!,-*)+.5*,6-3!.46-2!/).3*3'!\-!X63.:!H':!VL*)+:!i'!"e03'&:!
2,6&16"#5&,"*;=//LJ&!$/;$A6-#$51&"*;&@%/C,1#$/)/01&/9&T6"#5#:!AB+,-2)+:!i)+4.-/:!<I;–#<I'!
F3)49+!F-!"<II%&'!>,60)*)+,6+.*,6-!69!96603!.-0!.-!6?)+?,)E!69!B+)3)+?.*,6-!,-!*@)!9660!.-0!
0.,+/!,-013*+,)3'!4*56-*"5$/*")&!$/;656-$/-"5$/*&'&!$/;60-";"5$/*!H0:!#J;–#;;'!
F3)49+!F-Q-!"<IIJ&'!U)*@603!96+!B+)3)+?.*,6-!.-0!)`*)-3,6-!69!3@)89!8,9)'!4*56-*"5$/*")&7/8-*")&
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F3)%$S$+! 5-! $69! >)44&%S$6+! W-! "<II;&'! F-*,C.98.*6`,2)-,5! .5*,?,*/! 69! >"%5/="%$))8#! %"#6$!
C#68;/C)"*5"-8.'!4*56-*"5$/*")&7/8-*")&/9&://;&<$%-/=$/)/01!HR:!<D<–<WD'!
F%$((&*$6BU&+! ,-+!.2&'BU&%"PBUg&6626I&%+! P-+!.&24&+!W-! $69!W$B%32D+!J-! "#$$=&'! X)5)-*!
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ÉVALUATION DE LA DIVERSITÉ DES BACTÉRIES LACTIQUES 
ANTIFONGIQUES DANS DES LAITS CRUS
Emilie Delavenne, Jerôme Mounier, Franck Déniel, Georges Barbier, Gwenaelle Le Blay
Université de Brest, EA3882 Laboratoire Universitaire de Biodiversité et Ecologie Microbienne, IFR148 ScInBioS, 
ESMISAB, Technopôle de Brest Iroise, 29280 Plouzané, France.
Les bactéries lactiques antifongiques représentent une alternative à l’utilisation de conservateurs 
chimiques dans les produits laitiers fermentés. Le lait cru pourrait être un réservoir de bactéries 
lactiques antifongiques susceptibles d’être compétitives dans ce milieu. L’objectif de cette étude a 
donc été d’évaluer la biodiversité des bactéries lactiques antifongiques dans des laits crus de 
vaches, de brebis et de chèvres en début, milieu et fin de lactation. 
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Tableau 1. Enumération des flores totales (log UFC / ml) et 
pourcentage de colonies antifongiques isolées.
Anti M. plumbeus
Anti K. lactisAnti P. anomala
Figure 2. Nombre d’isolats selon les animaux et les 
cibles fongiques 
599 anti P. expansum
378 anti M. plumbeus
150 anti K. lactis
108 anti P. anomala
Lb. casei
Lb. fermentum
Lb. plantarum
Lb. buchneri
Lb. delbrueckii
Lb. perolens
Lb. salivarius
Lb. coryniformis
La majorité des colonies actives sont des lactobacilles isolés sur LAMVAB, avec une proportion 
dix fois plus forte de colonies isolées des laits de vache que des laits de brebis. Quatre-vingt cinq 
pour cent des isolats appartiennent aux groupes Lb. casei, Lb. fermentum et Lb. plantarum.  Les 
isolats du groupe Lb. plantarum sont plus fortement représentés parmi les bactéries actives contre 
Kluyveromyces lactis, tandis que ceux du groupe Lb. buchneri sont plus fortement représentés chez 
les bactéries actives contre Pichia anomala.
Figure 3. Proportion des différents groupes de 
lactobacilles antifongiques selon la cible fongique
Enumération
1 milieu  non sélectif (PCA) 
8 milieux semi-sélectifs des bactéries lactiques 
Tests d’activité contre Penicillium expansum, 
Mucor plumbeus, Kluyveromyces lactis, Pichia
anomala
Séquençage de l’ADNr 16S des souches isolées
Laits crus de brebis (27)
MATÉRIELS & MÉTHODES
Etalement
Isolement des souches actives
PCA : milieu non sélectif; LAMVAB : milieu sélectif des 
lactobacilles; MRS acidifié : milieu semi-sélectif des pédiocoques et 
autres bactéries lactiques. 
Isolats 49 % 43 %
86 % des 
isolats 
provenaient 
de milieux à
base de MRS
8 %
Vache Chèvre Brebis
4,7 ± 0,3 5,7 ± 0,2 5,4 ± 1,0
3,9 ± 0,1  
9,5 %
3,9 ± 0,5
5,6 %
3,1 ± 1,6
1,1 %
3,8 ± 0,3  
4,9 %
4,5 ± 0,2
2,3 %
4,2 ± 1,0
1,7 %
PCA
LAMVAB
MRS 
acidifié
RÉSULTATS
CONCLUSION
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DIVERSITY OF ANTIFUNGAL LACTIC ACID BACTERIA
IN RAW MILK SAMPLES
Emilie Delavenne, Jerôme Mounier, Franck Déniel, Georges Barbier, Gwenaelle Le Blay
Université de Brest, Laboratoire Universitaire de Biodiversité et Ecologie Microbienne EA3882 , IFR148 ScInBioS, 
ESMISAB, Technopôle de Brest Iroise, 29280 Plouzané, France.
Antifungal lactic acid bacteria (ALAB) could be a good alternative to chemical preservatives for fermented dairy 
products. Raw milk may consequently be a potential reservoir of ALAB for biopreservation. The objective of this 
work was then to analyze biodiversity of ALAB communities in raw milk samples depending on animal species 
(cow, ewe and goat).
MATERIALS & METHODS RESULTS
Enumeration
1 non selective medium (PCA) 
8 lactic acid bacteria semi-selective media 
Antifungal activity assays against Penicillium 
expansum, Mucor plumbeus, Kluyveromyces
lactis and Pichia anomala (only on semi-
selective media)
Sequencing of 16s rDNA
Raw milks (27 samples)
Plating
Isolation of active colonies
Anti M. plumbeus
Figure 3. Proportion of antifungal Lactobacillus groups 
according to targeted fungi
Anti P. anomala
Table 1. Enumeration of total bacteria (mean Log(CFU/ ml)+/-SD ) 
and percentage of isolated antifungal colonies (86 % of active isolates
came from MRS-based media)
.
Majority of active colonies were lactobacilli isolated from LAMVAB and MRS media inoculated with cow or goat 
milks. Among lactobacilli, 85% of isolates belong to the Lb. casei, Lb. fermentum and Lb. plantarum groups. Isolates 
from the Lb. plantarum group were over-represented among bacteria active against Kluyveromyces lactis, whereas 
isolates from the Lb. buchneri group were over-represented among bacteria active against Pichia anomala.
Figure 2. Number of isolates according to animals and 
targeted fungi
599 anti P. expansum
PCA : non selective medium; LAMVAB : Lactobacillus selective
medium; MRS pH 5.5 : Pediococcus and other lactic acid bacteria
selective medium. 
* P ! 0.05 (Chi-square distribution test)
*
*
*
Anti K. lactis
CONCLUSION
ALAB isolates 49 % 43 % 8 %
Cow Goat Ewe
4.7 ± 0.3 5.7 ± 0.2 5.4 ± 1.0
3.9 ± 0.1                  
9.5 %
3.9 ± 0.5
5.6 %
3.1 ± 1.6
1.1 %
3.8 ± 0.3  
4.9 %
4.5 ± 0.2
2.3 %
4.2 ± 1.0
1.7 %
PCA
LAMVAB
MRS pH 5.5
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378 anti M. plumbeus
150 anti K. lactis
108 anti P. anomala
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Fungal diversity in raw ewe, goat and cow milk 
determined using denaturing high-performance liquid 
chromatography (D-HPLC) 
Emilie Delavenne, Jerome Mounier, Katia Asmani, Jean-Luc Jany, Georges Barbier, Gwenaelle Le Blay 
Université de Brest, Laboratoire Universitaire de Biodiversité et Ecologie Microbienne EA3882 , IFR148 ScInBioS, 
ESMISAB, Technopôle de Brest Iroise, 29280 Plouzané, France. 
- FEMS 4th congress of european microbiologists – June 26-30 2011 – Geneva, Switzerland - 
Contacts : gwenaelle.leblay@univ-brest.fr; emilie.delavenne@univ-brest.fr  
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a, Geotrichum candidum; b, Candida catenulata; c, Pichia fermentans; d, Candida 
sake; e, Candida inconspicua; f, Trichosporon cutaneum; g, Trichosporon 
lactis/caseorum; h, Cryptococcus curvatus; i, Cryptococcus victoriae; j, 
Cryptococcus carnescens; k, Cladosporium sp.; l, Fusarium merismoides; m, 
Penicillium glabrum; n, Uncultured fungus clone; o, Penicillium roqueforti; p, 
Engyodontium album; q, Aspergillus fumigatus; r, Torubiella sp.; s, Candida sp.; t, 
Debaryomyces hansenii; u, Malassezia restricta; v, Kluyveromyces marxianus;  w, 
Kluyveromyces lactis; x, Malassezia globosa; * non-assigned peak  
D-HPLC analyses of the fungal diversity in raw milk from goat (G), ewe (E) and cow (C) during the first (G1, E1, C1), 
second (G2, E2, C2) and last (G3, E3, C3) sampling periods .  
Fungal DNA extraction 
Semi-nested PCR (primers ITS1-F/LR5 and ITS1-
F/5.8S) for amplification of the ITS1 region 
D-HPLC analyses (fluorescence detector) 
Collection of fractions and re-amplification 
D-HPLC analyses in non-denaturing conditions 
Re-injection of fractions 
Collection of fractions 
Sequencing / alignment 
PEAKS IDENTIFICATION 
METHODS INTRODUCTION 
Compared to bacterial diversity, few authors have studied the 
biodiversity of fungi in raw milk, whereas the knowledge of 
fungal contaminants may be of interest for the maintenance of 
high hygienic practices as well as the monitoring of fungi with 
technological interest for cheese-making. Fungal diversity 
assessment is usually done by cultural methods or molecular 
techniques such as DGGE or SSCP, but these techniques are 
laborious and/or do not easily allow the identification of fungal 
species. 
 The objective of this study was to set up a rapid method for 
assessing the diversity of dominant fungi in raw milk samples 
from three dairy species (cow, ewe and goat) after PCR-
amplification of the internal transcribed spacer 1 (ITS1) region 
and analysis by denaturing high-performance liquid 
chromatography (D-HPLC).  
a, Geotrichum candidum; b, Candida parapsilosis; c, Rhodotorula mucilaginosa;  d, 
Engyodontium album; e, Debaryomyces hansenii; f, Malassezia restricta;                    
g, Uncultured Malassezia sp.; h, Uncultured fungus clone 
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a, Geotrichum candidum; b, Candida inconspicua; c, C. parapsilosis;                 
d, Engyodontium album; e, Candida globosa/pseudoglobosa; f, Kluyveromyces 
marxianus; * non-assigned peaks   
Total fungi 
3,3 ± 0,2 Log CFU/ml 
DISCUSSION 
A total of 27 fungal species (18 yeasts and 9 molds) were identified. 
Cow milk harbored the highest fungal diversity with a maximum of
15 species in a single sample, whereas a maximum of 4 and 6 
different species were recovered in goat and ewe milk respectively. 
Commonly encountered genera in cow and goat milk were 
Geotrichum candidum, Kluyveromyces marxianus and Candida spp.  
(C. catenulata and C. inconspicua); whereas Candida parapsilsosis
was frequently found in ewe milk samples. 
Most of detected species were previously described in literature 
data. A few species were uncultured fungi and others (Torrubiella 
and Malassezia) were described for the first time in milk. 
As compared to cultural and other molecular fingerprinting
techniques, D-HPLC is a promising tool for the rapid identification 
of main fungal species in milk, especially those of technological 
importance such as G. candidum, D. hanseni,  K. lactis or K. 
marxianus which were easily detected in the present study. 
RESULTS 
Total fungi 
4,4 ± 0,5 Log CFU/ml 
Goat 
Cow 
This study was conducted with the financial support of the french National Agency for Research (ANR) program FUNGINIB (ANR-09-ALIA-005-01), and the 
french ministry of higher education and research 
J F M A M Jun Jul A S O N D
Ewe E1 E2 E3  First
Goat G1 G2 G3  Second
Cow C1 C2 C3  Last
Sampling periods
Lactobacillus spp. isolated from raw milk exert a 
protective effect against fungal spoilage in yogurt
Emilie Delavenne, Audrey Pawtowski, Danielle Arzur, Jérôme Mounier, Georges Barbier, Gwenaelle Le Blay
Université de Brest, Laboratoire Universitaire de Biodiversité et Ecologie Microbienne EA3882 , IFR148 ScInBioS, 
ESMISAB, Technopôle de Brest Iroise, 29280 Plouzané, France.
Fermented dairy products such as yogurts, are sensitive to fungal spoilage and need to be protected from contaminations. 
However, consumers demand and food legislations asking for less food chemicals, incite the search for alternatives to chemical 
preservatives. The objective of this study was to evaluate in situ properties of ten antifungal lactobacilli strains isolated from
raw milk, by analyzing their capacity to inhibit fungal contaminants in yogurt matrices .
CONCLUSION
6 hours 42 °C 
Yogurt starters ± antifungal strain
6 weeks 10 °C
Fungal enumeration (YEGC agar) or 
Ergosterol dosage (HPLC)
ANTIFUNGAL LACTOBACILLI COLLECTION
MATERIALS & METHODS
- FEMS 4th congress of european microbiologists – June 26-30 2011 – Geneva, Switzerland -
Semi-skimmed pasteurized milk with 4% 
skim milk powder (30 ml)
pH = 4,4 ± 0,2
pH = 6,6 ± 0,2
Microbial 
growth 
monitoring
Addition of 100 fungal spores 
or yeast cells on the surface
! Debaryomyces hansenii
! Kluyveromyces lactis
! Kluyveromyces marxianus
! Rhodotorula mucilaginosa
! Yarrowia lipolytica
! Penicillium brevicompactum
! 9 strains within the Lactobacillus casei group
! 1 strain of Lactobacillus harbinensis
Strains selection
R. mucilaginosa
Y. lipolytica
D. hansenii
P. brevicompactum
K.C8.3.1IK.C8.3.1HC1 K.V9.3.1N
Lb. casei group Lb. harbinensis
Control
Streptococcus thermophilus
Lactobacillus bulgaricus
Antifungal strain
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Figure 1. Bacterial growth (Log10 CFU/ml) and pH monitoring from the 
beginning of fermentation (6 H at 42 °C) to the end of storage (6 weeks at 10 °C) 
of yogurts supplemented with the 2 most active antifungal strains. Streptococcus 
thermophilus was enumerated on M17 supplemented with lactose 0,5 %; Lb. 
bulgaricus and antifungal strains were enumerated on acidified MRS (pH 5,4), 
and were distinguishabled by their size and aspect.
10 °C
B. Yogurt supplemented with Lb. harbinensis
A. Yogurt supplemented with Lb. casei subsp. rhamnosus
Figure 2. Pictures showing differences in fungal growth on yogurts after 6 
weeks of storage at 10 °C. Control (yogurt without antifungal strain), yogurt + 
K.C8.3.1H c1, yogurt + K.C8.3.1I and yogurt + K.V9.3.1N.
Among the 10 tested strains, the addition of Lb. harbinensis (n° K.V9.3.1N ) induced a strong protective effect, compared to the 
control without protective strain, with a complete inhibition of the 6 targeted fungi.  The second most effective strain belonged 
to the Lb. casei group (n° K.C8.3.1I) and inhibited R. mucilaginosa, D. hansenii and P. brevicompactum. Lb. harbinensis is a 
good candidate for food preservation and next studies will focus on  mechanisms involved in inhibition. 
Contacts : gwenaelle.leblay@univ-brest.fr emilie.delavenne@univ-brest.fr
Table 1. Concentrations of 3 antifungal strains and 6 targeted fungi after 6 weeks
of storage at 10 °C. 
42 °C
10 °C 42 °C
(A) Representative results of 3 independent experiments; (B) ergosterol concentrations.
The 6 targeted fungi were completely inhibited on yogurts supplemented with 
Lb. harbinensis. Yogurts supplemented with Lb. casei subsp. rhamnosus
completely inhibited R. mucilaginosa and partially inhibited D. hansenii and P. 
brevicompactum, whereas yogurts supplemented with Lb. paracasei only
partially inhibited D. hansenii. The 7 other Lactobacillus strains partially
inhibited D. hansenii and / or R. mucilaginosa only. Each experiment was
performed three times.
This study was conducted with the financial support of the french National Agency for Research (ANR) program FUNGINIB (ANR-09-ALIA-005-01), and the 
french ministry of higher education and research
Control (A)
K.C8.3.1H c1     
(Lb. paracasei )
K.C8.3.1I              
(Lb. casei  subsp. 
rhamnosus )
K.V9.3.1N             
(Lb. harbinensis )
pH 4,1 4,0 4,0 4,2
Antifungal strains (Log10 CFU/ml) - 8,5 8,2 8,1
D. hansenii (Log10 CFU/ml) 7,8 2,5 5,6 < 2
K. lactis (Log10 CFU/ml) 8,1 7,3 7,8 < 2
K. marxianus (Log10 CFU/ml) 6,9 7,0 7,4 < 2
R. mucilaginosa (Log10 CFU/ml) 8,0 7,9 < 2 < 2
Y. lipolytica (Log10 CFU/ml) 8,4 7,7 7,6 < 2
P. brevicompactum (µg/g) (B) 123 91 59 Not detected
Targeted 
fungi
Yogurts supplemented with (A)
K.V9.3.1N g M.C7.5.2C K.C8.3.1I M.V8.6.2F P.C8.3.2A M.V7.3.1E M.V9.4.2B P.C8.7.1A M.V7.7.1A K.C8.3.1H c1 K.V9.3.1N p
12°C 0,02 0,02 0,01 0,01 0,17 0,20 0,02 0,02 0,01 0,30 0,01
30°C 0,24 0,22 0,24 0,21 0,26 0,20 0,19 0,13 0,20 0,29 0,15
42°C 0,34 0,42 0,42 0,27 0,40 0,50 0,00 0,13 0,00 0,19 0,00
H0 6,7 ± 0,0 6,8 ± 0,2 6,7 ± 0,2 6,6 ± 0,2 6,8 ± 0,2 6,5 ± 0,3 6,6 ± 0,3 6,2 ± 0,6 6,7 ± 0,1 6,8 ± 0,2 6,4 ± 0,0
72H 8,8 ± 0,2 9,1 ± 0,4 9,2 ± 0,1 9,0 ± 0,3 9,2 ±0,1 8,9 ± 0,3 9,3 ± 0,1 8,8 ± 0,2 9,1 ± 0,2 8,9 ± 0,1 8,6 ± 0,0
-0,28 ± 0,01 -1,12 ± 0,82 -2,12 ± 0,43 -2,24 ± 0,44 -1,95 ± 0,5 -2,26 ± 0,47 -2,41 ± 0,07 -2,50 ± 0,04 -2,33 ± 0,07 -1,43 ± 0,13 -1,00 ± 0,01
Croissance
Lait 
(30 °C)
MRSm    µ  48 heures
Δ pH (pH 72H - pH H0)
Log10 UFC/ml
Souches K.V9.3.1N g M.C7.5.2C K.C8.3.1I M.V8.6.2F P.C8.3.2A M.V7.3.1E M.V9.4.2B P.C8.7.1A M.V7.7.1A K.C8.3.1H c1 K.V9.3.1N p
S S S S S S S S S S S
S S S S S S S S S S S
S I S I S S S S S S S
S R S S S S S S S S S
R R R R R R R R R R R
R R R R R R R R R R R
R R R R R R R R R R R
R R R R R R R R R R R
S R S S R R R R R R R
Résistances 
aux 
antibiotiques
Triméthoprime sulfamethoxazole
Polymyxine B
Chloramphénicol
Erythromycine
Vancomycine
Tétracycline
Streptomycine
Kanamycine
Ampicilline
Caractérisation  de lactobacilles antifongiques 
isolés de laits crus 
La bioprotection permet de maîtriser la croissance des flores pathogènes ou d’altération par l’ajout de microorganismes protecteurs tout en 
préservant les qualités organoleptique et nutritionnelle des aliments. Elle a pour objectif de répondre à la demande croissante des 
consommateurs ainsi qu’à l’évolution de la législation européenne qui incitent à réduire l’utilisation de conservateurs chimiques. Dans cette 
étude, nous avons caractérisé onze souches de lactobacilles antifongiques isolés de laits crus et potentiellement utilisables comme souches 
bioprotectrices afin de lutter contre les altérations fongiques des yaourts. Les onze souches ont été identifiées par analyse phylogénétique. 
Leur capacité de croissance dans le lait a été évaluée, ainsi que leur activité antifongique dans du lait en absence ou en présence de ferments. 
Conclusion 
- SFM -  Ecosystèmes Microbiens et Bioprotection des Aliments – 17, 18 novembre 2011– Nantes -  
Les profils de PFGE et de fermentation des glucides ont permis de confirmer la diversité des isolats. Toutes les souches testées se sont montrées sensibles à 
l’érythromycine, à la tétracycline et à l’ampicilline. Les 8 souches de Lb. paracasei et de Lb. rhamnosus ont provoqué de fortes acidifications par rapport aux 
autres souches testées, sans pour autant exercer de plus fortes activités antifongiques. Deux souches peu acidifiantes (K.V9.3.1N p et K.V9.3.1N g) mais 
fortement antifongiques suggèrent que l’acide lactique n’est pas la seule molécule impliquée dans l’inhibition. Enfin, l’intensité et les spectres d’activité 
antifongique de ces deux souches sont différents en absence (lait) ou en présence de ferments (yaourts). Ainsi la souche K.V9.3.1N g voit son activité 
antifongique diminuer en présence de ferments, alors qu’on contraire elle augmente beaucoup pour la souche K.V9.3.1N p. Ceci suggère un  effet synergique 
entre les ferments et la souche K.V9.3.1N p (Lb. harbinensis).  
Contacts : gwenaelle.leblay@univ-brest.fr     emilie.delavenne@univ-brest.fr  
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et le Ministère de l‘Enseignement Supérieur et de la Recherche 
Séquençages + MALDI-TOF 
PFGE + Fermentation de glucides Distinction / différentiation des souches 
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Collection de lactobacilles antifongiques 
isolés de laits crus 
Sélection de 11 souches homofermentaires ou 
hétérofermentaires facultatifs 
IDENTIFICATION : ▪ Séquençage des gènes pheS et rpoA et du gène de l’ARNr 16S                 
                                   ▪ Spectrométrie de masse : MALDI-TOF 
 
TYPAGE : ▪ Pulse Field Gel Electrophoresis (PFGE) 
                                     
CARACTÉRISATION: ▪ Profils de fermentation de divers glucides (Galerie API) 
                                       ▪ Résistances à 9 antibiotiques 
                                       ▪ Croissance dans du lait et dans du MRS sans acétate (MRSm) 
                                       ▪ Spectre d’activité antifongique dans le lait et le yaourt 
 
 
A 
B 
1 
2 
3 
Figure 1. Caractérisation des souches. A. Caractérisation phénotypique des souches. 1. Profils de résistances aux antibiotiques. S: sensible, R: résistant et I: intermédiaire. 2. Taux de croissance (µ) des souches  à 12!C, 
30!C et 42!C dans du MRS sans acétate (MRSm) 3. Croissance des souches dans du lait  à 30 !C (Log10 UFC/ml) et mesure de la baisse de pH 72 heures après l’inoculation (72H). B. Spectre d’activité des souches dans 
le lait, sans ou avec ferments (yaourt). Dans le lait sans ajout de ferments, la fermentation a été menée à 30 !C et l’activité antifongique a été évaluée 3 jours après contamination par les cibles fongiques. Dans le cas du 
yaourt, la fermentation a été menée à 42 !C et l’activité antifongique a été évaluée 6 semaines après contamination et stockage à 10!C. Seuls les résultats de la souche la moins active et de la souche la plus active sont 
représentés. ++ : inhibition totale de la cible fongique, + inhibition supérieure à celle du contrôle (sans souche antifongique); " : inhibition légèrement supérieure à celle obtenue sur le contrôle; – : pas d’inhibition.  
Matériels & Méthodes 
Lb. zeae Lb. rhamnosus Lb. paracasei Lb. harbinensis 
012345678195398:356
!"#$"%&'()*+%,
-.#$./0)123/*&%,
7.
Ferments 
Contaminants fongiques du yaourt 
Souches Matrices Courbes de croissance D. hansenii K. lactis K. marxianus R. mucilaginosa Y. lipolytica P. brevicompactum 
K.V9.3.1N p 
Lait 66 ± - - ++ - + 
Yaourt 66 ++ ++ ++ ++ ++ ++ 
K.V9.3.1N g 
Lait 66 ± - ± ++ - ++ 
Yaourt 66 - - - - - + 
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Résumé de la communication orale  ou par poster  (cocher la case souhaitée) 
 
Le remplacement des conservateurs chimiques par des conservateurs "naturels" s’avère aujourd’hui 
primordial. L’utilisation de bactéries lactiques semble être une bonne alternative de biopréservation 
des produits laitiers potentiellement susceptibles aux contaminations fongiques. Le lait cru pourrait 
constituer un réservoir de bactéries lactiques à potentiel antifongique. L’objectif de cette étude a donc 
été d’évaluer la biodiversité des bactéries lactiques antifongiques dans des laits crus de vache, brebis 
et chèvre. Un total de 27 laits crus a été collecté en début, milieu et fin de la période de lactation de 
chaque espèce. Les bactéries totales ont été dénombrées sur milieu non sélectif et les bactéries 
lactiques sur 8 milieux semi-sélectifs. Après comptage, 18000 colonies ont été criblées pour leur 
activité antifongique contre Mucor plumbeus, Kluyveromyces lactis et Pichia anomala. Deux pour cent 
des colonies testées ont révélé une activité antifongique et plus de 600 isolats ont été purifiés et 
identifiés par séquençage du gène codant pour l’ARNr 16S. Quatre-vingt quatorze pour cent des 
isolats provenaient des laits de vache et de chèvre (51 % et 43 %, respectivement) et seulement 6 %, 
des laits de brebis. La plupart des souches actives (86 %) a été isolée sur des milieux à base de MRS 
et la majorité de ces souches était active contre M. plumbeus (52 %), puis contre K. lactis (28 %) et 
enfin contre P. anomala (21 %). Cinquante-cinq pour cent des isolats appartenaient au groupe 
Lactobacillus casei et étaient actifs contre tous les champignons ciblés ; 21 % appartenaient au 
groupe Lb. fermentum et 14 % au groupe Lb. plantarum lesquels ciblaient principalement K. lactis. Les 
10 % restants appartenaient aux groupes Lb. buchneri et Lb. acidophilus, et aux genres 
Enterococcus, Lactococcus, Leuconostoc ou Pediocococcus. Les isolats du groupe Lb. buchneri 
étaient quant à eux majoritairement actifs contre P. anomala. Enfin, les isolats actifs contre P. 
anomala ont pour la plupart été isolés en milieu de lactation, tandis que ceux actifs contre M. 
plumbeus provenaient essentiellement de laits de fin de lactation. Cette étude a permis de mettre en 
évidence que les laits crus de vache et de chèvre constituaient des réservoirs de bactéries lactiques 
antifongiques. La très grande majorité des souches actives isolées appartenaient au genre 
Lactobacillus mais il semble que les différents groupes de Lactobacillus sont actifs contre des 
espèces différentes de champignons. 
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Fermented dairy products susceptible to fungal spoilage are usually preserved by chemicals that prevent their 
alteration and the growth of potentially toxigenic fungi. In recent years, the new European legislation demanding 
for less chemical preservatives together with consumer’s expectation for minimally processed foods with 
minimal amounts of chemical preservatives has increased the interest for alternative strategies of food 
preservation. Replacing chemical preservatives by antifungal lactic acid bacteria (ALAB), used as bio-protective 
cultures on dairy products, appears to be a promising way to fulfil consumers and legislation demands. Facing 
the need for protective cultures adapted to dairy products, we wondered whether milk could be a natural reservoir 
of ALAB. The aim of this study was then to evaluate the biodiversity of ALAB in 27 raw milk samples from 
cow, goat and ewe collected during three successive weeks at three lactation periods (beginning, middle and 
end). 
For each sample, total bacteria were enumerated on non selective medium, whereas lactic acid bacteria (LAB) 
were enumerated on 8 semi-selective media. After counting, around 12,000 colonies were overlaid with one of 
the four targeted fungi, Penicillium expansum, Mucor plumbeus, Kluyveromyces lactis or Pichia anomala on 8 
semi selective media for antifungal activity screening. Colonies active against Mucor plumbeus, Kluyveromyces 
lactis and Pichia anomala were isolated and their 16S rRNA gene sequenced for identification. 
Milk samples, whatever their origin, were dominated by LAB cocci (presumptive lactococci and leuconostoc). 
Enterococci, Lactobacillus spp. and psychrotolerant LAB were present in lower concentrations (values ³ 4.3 
Log10 CFU/ml) (P < 0.05). In most media, cow milk samples harbored significantly lower plate counts (P < 
0.05) than goat milk, whereas ewe milk counts lied in between. According to activity tests, the number of 
recovered antifungal colonies depended on milk origin, lactation periods, growth medium and targeted fungi. 
Among the 1,235 isolated antifungal colonies, 8% were recovered from ewe milk, whereas 43 % and 49 % were 
recovered from goat and cow milks, respectively. Most of them (1,057 isolats) came from MRS-based media and 
half of them (634) were recovered in cow and goat milks from end lactation. An increase in the percentage of 
active colonies grown on LAMVAB and MRS was noticed for cow and goat milks between the middle and end 
lactation periods independently of bacterial concentrations. P. expansum was the most frequently inhibited fungi, 
followed by M. plumbeus, K. lactis and P. anomala in decreasing order. Isolates active against P. expansum were 
over-represented in ewe milk, the ones active against M. plumbeus and P. anomala were over-represented in cow 
milk in end and middle lactation periods respectively, and those active against K. lactis were over-represented in 
goat milk.  
Among the 733 sequenced isolates active against M. plumbeus, K. lactis or P. anomala, 0.4% belonged to 
Lactococcus, 1.9% to Enterococcus, 3.7 % to Leuconostoc, and 94% to the Lactobacillus genus. Lactobacilli 
were ranked into eight phylogenetic groups: Lb. casei (55%), Lb. fermentum (19%), Lb. plantarum (17%) and 
Lb. buchneri (7%). The remaining 2 % lactobacilli belonged to the Lb. delbrueckii, perolens, salivarius and 
coryniformis groups. The Lb. casei group, mainly isolated on LAMVAB medium, contained isolates active 
against all fungi but over-represented in the population targeting M. plumbeus. Isolates from the Lb. plantarum 
group, frequently isolated in MRS incubated at 10°C were over-represented in the population targeting K. lactis, 
and the ones belonging to the Lb. buchneri group, frequently isolated in MRS at pH 5.5, were over-represented in 
the population targeting P. anomala. 
In conclusion, raw milk from cow and goat are natural container of a high diversity of ALAB varying according 
to lactation periods. In the tested conditions, the great majority of active colonies belonged to the Lactobacillus 
genus. Among this antifungal bacterial population, it appeared that targeted fungal species differed according to 
the Lactobacillus group tested whose presence largely depended on lactation period and milk origin. 
 
Keywords milk; antifungal lactic acid bacteria 
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Résumé de la communication orale  ou par poster  (cocher la case souhaitée) 
 
Les nouvelles législations alimentaires combinées à la demande des consommateurs pour des 
produits « naturels » favorisent le remplacement des conservateurs chimiques par des méthodes de 
conservation biologiques. La biopréservation est une des méthodes privilégiées pour la conservation 
des produits laitiers fermentés. Dix souches de Lactobacillus isolées de laits crus,  caractérisées par 
biologie moléculaire, et criblées pour leurs activités antifongiques in vitro ont été utilisées en 
combinaison avec des ferments lactiques lors de chalenge tests pratiqués sur des yaourts. 
Les spectres d’activité antifongique des 10 souches de Lactobacillus (9 appartenant au groupe Lb. 
casei et un Lb. harbinensis) ont été mis en évidence par une méthode en double couche contre 6 
contaminants fongiques des yaourts : Debarryomyces hansenii, Kluyveromyces lactis, Kluyveromyces 
marxianus, Rhodotorula mucilaginosa, Yarrowia lipolytica et Penicillium brevicompactum. Lors des 
challenge tests, les ferments lactiques (Streptococcus thermophilus & Lactobacillus bulgaricus) ont 
été inoculés à 5.10
6
 UFC/ml dans du lait pasteurisé avec ou sans la souche protectrice (5.10
6
 UFC/ml) 
dans des pots individuels. Ces derniers ont été placés 6 heures à 42 °C et cent spores ou cellules ont 
ensuite été inoculés à la surface des caillés. Les croissances fongiques et bactériennes ont été 
suivies pendant 6 semaines par mesure du diamètre de croissance des thalles et étalement sur boîtes 
respectivement. Une quantification finale de la croissance fongique a été effectuée par dénombrement 
sur boîtes de Petri pour les levures et dosage de l’ergostérol pour Penicillium brevicompactum.  
Sur les 10 souches testées, un net effet souche a été constaté avec un fort effet protecteur de 
Lactobacillus harbinensis ainsi qu’un effet de Lactobacillus rhamnosus par rapport au contrôle avec 
une inhibition complète de 6 et 2 contaminants fongiques respectivement. Les autres souches se sont 
révélées beaucoup moins efficaces. La souche appartenant au groupe Lb. harbinensis est une 
candidate potentielle pour la biopréservation du yaourt et fera l’objet d’investigations supplémentaires.    
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LACTOBACILLUS HARBINENSIS S'AVERE PARTICULIEREMENT EFFICACE POUR 
LUTTER CONTRE LES ALTERATIONS FONGIQUES DU YAOURT  
 
Emilie Delavenne, Audrey Pawtowski, Franck Deniel, Jérôme Mounier, Georges Barbier, 
Gwenaelle Le Blay 
Universite Europeenne de Bretagne, Universite de Brest, EA3882 Laboratoire Universitaire de 
Biodiversite et Ecologie Microbienne, IFR148 ScInBioS, ESMISAB, Technopole de Brest Iroise, 
Plouzane 29280, France 
 
La bioconservation est une des méthodes privilégiées pour remplacer les conservateurs chimiques 
parfois utilisés pour la conservation des produits laitiers fermentés comme les yaourts. En effet, 
ceux-ci peuvent être contaminés par des flores d’altération fongiques. Une dizaine de souches de 
lactobacilles isolés de lait cru a précédemment été caractérisée phylogénétiquement et 
phénotypiquement. L’objectif de cette étude a été d’évaluer les propriétés antifongiques in situ de 
ces souches en vérifiant leur capacité à inhiber la croissance de contaminants fongiques dans des 
matrices yaourts. 
Le spectre d’activité de 9 souches appartenant au groupe Lactobacillus casei et un Lactobacillus 
harbinensis a été mis en évidence par des challenge tests contre 6 contaminants fongiques 
communément retrouvés dans les yaourts (Debaryomyces hansenii, Kluyveromyces lactis, 
Kluyveromyces marxianus, Rhodotorula mucilaginosa, Yarrowia lipolytica et Penicillium 
brevicompactum). Les ferments lactiques (Streptococcus thermophilus & Lactobacillus delbrueckii 
subsp. bulgaricus) ont été inoculés (5.10
6
 UFC/ml), en présence ou en absence d’une souche 
protectrice antifongique (5.10
6
 UFC/ml), dans du lait pasteurisé demi-écrémé supplémenté en 
poudre de lait écrémée (4% p/v) dans des pots individuels. Ces derniers ont été placés 6 heures à 42 
°C pour atteindre un pH de 4,6. Après fermentation, 100 spores ou cellules des contaminants 
fongiques (un contaminant par pot) ont été inoculées en surface des caillés qui ont ensuite été 
entreposés à 10°C. Les croissances fongiques et bactériennes ont été suivies pendant 6 semaines par 
observation du diamètre des thalles et étalement sur milieux gélosés (LAMVAB, MRS et M17 
supplémenté par 0,5% de lactose) respectivement. L’estimation finale de la croissance fongique a 
été effectuée par dénombrement sur milieu yeast extract glucose chloramphénicol (YEGC) pour les 
levures et dosage de l’ergostérol pour Penicillium brevicompactum.  
Sur les 10 souches testées, un fort effet protecteur de Lactobacillus harbinensis a été constaté avec 
une inhibition complète des 6 cibles fongiques par rapport au contrôle dépourvu de souche 
protectrice. Les souches du groupe casei se sont révélées beaucoup moins efficaces. Lb. harbinensis 
est un candidat potentiel pour la bioconservation du yaourt et fait actuellement l’objet d'études 
complémentaires. 
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